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CHAPTER 1 
MANAGING THE EASTERN BAYS OF THE GREAT SALT LAKE 
Physical Setting 
The Great Salt Lake (Figure 1) is a terminal lake and as such is one of 
the major inland bodies of salt water in the world, and the largest lake of 
brine in the western hemisphere. Its unique features, including its mineral 
rich waters and interesting shores and islands, make it appealing to both 
industry and vacationers. The lake lies at the bottom of a closed basin and 
is fed principally by flow from the Bear, Weber, and Jordan Rivers. Because 
it is a terminal lake, the only outflow is by evaporation. At its average 
surface elevation of about 1+,200 feet the lake has a surface area of 
approximately 1,600 square miles and an average depth of 13 to 11+ feet. At 
its current elevation of nearly 1+,212 feet the surface area of the lake is 
about 2,1+25 square miles. 
The natural features of the lake have been significantly affected by 
the construction of di kes and causeways. The construction of evaporation 
ponds to facilitate the recovery of minerals from the lake brine has altered 
the natural surface area of the lake. Causeways have altered the natural 
lake circulation patterns and induced local changes in salinity levels. For 
example, the construction of a road causeway from the mainland to Antelope 
Island State Park partially impounded inflows from the Jordan River. This 
si tuation caused some dilution of the brines in Farmington Bay until the 
causeway was overtopped by the rising lake. 
A semi-permeable, rock-fill railroad causeway was completed across the 
lake in 1959 by the Southern Pacific Transportation Company (Figure 1). As a 
resul t, the lake was di vided into two parts or arms, wi th the south arm 
containing approximately twice the volume of the north arm. The causeway 
altered the lake circulation patterns and the distributions of brine 
densities and thus changed the hydrology of the lake. 
Since the completion of the railroad causeway, the north arm has 
contained a well mixed concentrated brine. The south arm receives 
approximately 95 percent of the surface inflow to the lake and is vertically 
stratified wi th a relati vely dilute brine overlying a more concentrated 
brine. The lower brine represents about 10 percent of the total volume of 
the south arm. 
Data on the elevation of the surface of Great Salt Lake have been 
gathered since 1851 and are given in Figure 2. The level has varied from a 
high of 1+,211.85 feet in 1986 to a low of 1+,191 feet in 1963. The previous 
recorded high of 1+211.6 feet was reached in 1873. 
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The Uses of the Bays 
Waterfowl management 
Until recently. some of the great waterfowl sanctuaries in the U. S. 
existed along the easterly and northerly shores of the lake. These 
marshlands have always attracted waterfowl and have provided ideal nesting 
and feeding grounds for nearly 200 species of waterfowl. In addition, they 
have been a vi tal link in the waterfowl flyway extending from Canada to 
Mexico. Much of the marshland is controlled by state and federal agencies 
and private organizations. The Utah Division of Wildlife Resources operates 
fi ve waterfowl management areas near the mouths of the Weber and Jordan 
Ri vers. and the U. S. Bureau of Sports Fisheries and Wildlife manages the 
Bear River Migratory Bird Refuge at the mouth of the Bear River (Figure 1). 
The rest of the marshlands surrounding the lake are managed mainly by private 
organizations, such as hunting clubs. 
Recreation 
Recreational uses of the Great Salt Lake consist of boating (both power 
boating and sailing), bird watching, and bird hunting. In the early 1970s, 
t~e State constructed boat docking facilities at Silver Sands 'Beach at the 
south end of the lake. These facilities contr1.buted to a great upsurge in 
the number of sailing boats on the lake. However, rising waters have now 
severely damaged the docks and the number of boats moored at the lake has 
fallen significantly during the past two years. 
Waste disposal 
The Great Salt Lake is the receptacle for nearly all of the non-solid 
wastes generated along the eastern shores. For years untreated effluent 
flowed into the lake from the towns and settlements along the Wasatch Front. 
For example, for a long period the Salt Lake sewage canal carried untreated 
sewage, including oil spills, from the greater Salt Lake City area into the 
south end of the Farmington Bay. However, many sewage treatment facilities 
now exist along the east shore so that all sewage is now treated before it 
enters the lake. 
Diking Proposals 
The early diking proposals for the Great Salt Lake were not motivated by 
a need for flood protection, but by other possible uses of the impounded 
waters and causeways. In the early 1930s a proposed diking system for the 
Great Salt Lake became known as the "large project." The proposed dike would 
be in three parts: from the mainland to the south end of Antelope Island, 
from the north end of Antelope Island to the south end of Fremont Island, and 
from the north end of Fremont Island to Promontory Point (Figure 3). These 
dikes would enclose an area of approximately 275,136 acres which was 
designated as East Embayment Reservoir. It was conjectured that the 
reservoir, fed by the Bear, Weber, and Jordan Rivers, eventually would 
4 
freshen and provide fresh water for agriculture, recreation, and various 
industries along the shore. 
A subsequent proposal for developing a fresh water lake became known as 
the "small project" and would enclose 93_440 acres in Farmington Bay between 
the mainland and Antelope Island. It would be formed by constructing dikes 
between the mainland and the south end of Antelope Island. and between the 
north end of Antelope Island and the mainland at Syracuse (Figure 3). The 
Syracuse dike eventually was built, and until it was overtopped by the rising 
lake it provided vehicular access to the state park on Antelope Island. 
Interest in the "large proj ect" declined during the war years. but was 
revived after World War II and is still being discussed. A modification of 
the "large project" plan would eliminate the dike between Fremont Island and 
Promontory Point and replace it with one from Fremont Island to Little 
Mountain, a distance of 6 miles (Figure 3). 
An addi tional 54-mile dike system was proposed in 1963, which would 
extend westward from Promontory Point to Carrington Island_ Stansbury Island, 
and then from the south end of Stansbury back easterly to Saltair, thus 
regulating the entire Great Salt Lake. It was proposed to build this system 
of dikes using "tailings" from Kennecott Copper Corporation. 
During the past four years record breaking inflow volumes and lower than 
normal evaporation rates have caused an unprecedented rate of rise in the 
elevation of the lake surface. The rising waters already have caused 
extensi ve damages to both public and private properties, including roads, 
highways, railroads, hunting club facilities, mineral extraction facilities, 
waterfowl areas, homes, water treatment facilities, and agricultural lands. 
For example, the Southern Pacific Transportation Company has spent many 
millions of dollars raising the level of the causeway which crosses the lake 
between Promontory Point and Lakeside on the western shore, and the causeway 
which was constructed to provide access to the state park on Antelope Island 
now stands under approximately 5 feet of water. Continued increases in the 
lake level could create further damage to homes, transportation links 
(including the Salt Lake City International Airport), lakesi de industri es, 
and recreation facilities. 
In order to reduce future damages from the rising waters of the lake, 
various diking options, among other alternative flood control possibilities_ 
are being considered by the State. Some of the diking options were addressed 
in a recent feasibility-level engineering study completed by James M. 
Montgomery, Consul ting Engineer, Inc., and a team of sub-consultants 
(Montgomery 1984). The study evaluates several on-shore (or perimeter) 
diking al ternat i ves to protect specific facil i ties, such as waste-water 
treatment plants. In addition, the study looks at some in-lake di king 
alternatives which provide certain management options by compartmentalizing 
the lake. 
The in-lake di king options presented by the Montgomery study include 
various configurations between points on the east shore of the lake and the 
Antelope and Fremont Islands. As might be expected, the Montgomery study 
shows that the in-lake dikes, although more comprehensive (less selective) in 
the protection provided, are considerably more costly both to construct and 
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maintain than perimeter dikes for the same area. Various possible perimeter 
dike configurations to protect properties on the east shore are discussed by 
the Montgomery report. The costs of these structures are compared with the 
much higher costs for in-lake dikes needed to protect the same properties. 
However, the report, by design, addresses the in-lake dikes purely from a 
flood protection point of view and does not consider other possi ble 
advantages, including: 
1. Possible freshening of the waters in areas enclosed by dikes along 
the east shoreline to enhance boating and swimming and to enable these waters 
to be used for irrigation, municipal, and industrial purposes. 
2. Capabilities to manage the levels of the water adjacent to the east 
shoreline in order to optimize conditions for waterfowl sanctuaries. 
3. Providing road access to the Antelope Island State Park, and even 
the possibility of an additional north-south transportation route by-paSSing 
Salt Lake City. 
Issues (1) and (2) listed above are addressed in a preliminary manner in 
a Utah Water Research Laboratory (UWRL) report authored by Chadwi ck and 
others (1985). The report identifies specific problems which required 
further investigation, and which comprise the main thrust of this subsequent 
investigation. 
Public health concerns 
With respect to other projected aspects of water quality in the 
Farmington and East Bay impoundments, it was concluded that numerous odor and 
public health problems could result from freshening the waters of these bays. 
The history of wastewater disposal into Farmington Bay has raised questions 
about risks to the health of persons using the Bay for recreation. Van der 
Meide and Nicholes (1972) found relatively high concentrations of fecal 
indicator bacteria in samples taken at the water sediment interface near the 
Sal t Lake Sewage Canal in southern Farmington Bay, and suggested that a 
sewage delta of rather large proportions had accumulated in that area. They 
indicate that these deposits could sequester gastrOintestinal bacteria and 
viruses which could seed the waters of the Bay. If this were the case, 
persons (i. e. swimmers or water skiers) ingesting water overlying these 
sediments would be at risk of disease. 
Industrial wastes and petroleum spills also have been discharged into 
Farmington Bay. Toxic elements and compounds from these materials and 
domestic sewage have accumulated in the Bay. McDonald and Garifin (1965) and 
Bott and Shipman (1971) noted that the Bay had relatively low algal 
production in the vicinity of the Salt Lake Sewage Canal's entrance, 
suggesting the presence of some toxic or inhibitory material in the water 
entering the Bay from the Sewage Canal. Israelsen et ale (1985) observed low 
algal production in sediment-water laboratory microcosms whi ch contained 
sediment taken in the vicinity of the "historic" entrance of the Sewage Canal 
into Farmington Bay. Chadwick et ale (1986) found elevated concentrations of 
water soluble cadmium, chromium, copper, lead, and zinc in a sediment core 
taken in thi s same area. Organic materials that have accumulated from oil 
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spills and industrial waste could contain carcinogenic, mutagenic, or 
otherwise toxic compounds. Biological concentration of toxic compounds from 
sediments, through the natural food web, to animals used for food by humans 
is well documented. 
The health risk to persons exposed to toxic or infectious materials from 
Farmington Bay sediments, either through direct exposure or through food 
(e. g. fish) taken from the Bay, is a concern in developing a freshwater 
reservoir in Farmington Bay. 
Salinity and potential water use 
In the study by Chadwick and others (1985) a computer simulation model 
was applied to investigate the salinity reduction which might be experienced 
in the water comprising the East Bay and Farmington Bay impoundments, and 
thus to assess their potential for recreation, irrigation, industrial, and 
municipal uses. This study concludes that even wi th imports of water from 
the Weber River, salinity levels in a Farmington Bay impoundment likely would 
not fall below an equilibrium level of about 3500 mg/1, which is too high for 
most freshwater uses except perhaps recreation. Estimated most 1i ke1y 
equilibrium salinity levels in the East Bay (which is charged by the Bear, 
Weber, and Jordan Rivers) would be between 1000 and 1500 mg/1. This quality 
is marginal for agricultural use and requires some treatment for many 
municipal and industrial applications. 
Aesthetic quality and eutrophica-
tion concerns 
In considering the restrictions in mixing within Farmington Bay caused 
by the Syracuse causeway and the polluted inflows to the Bay, Coburn and 
Eckhoff (1972) warned that the Bay may become a large mismanaged waste lagoon 
upwind from metropolitan Salt Lake City. Israe1sen et al. (1985) examined 
odor-caUSing mechanisms in the eastern Great Salt Lake bays in response to 
public complaints about odors apparentl emanating from the Lake during its 
period of rapid rise in 1983 and 1984. Although saline water intrusion into 
freshwater marshland and the ensuing decomposition (putrefaction) of organic 
material accumulated in those areas was suspected as being the primary source 
of the odors, those associated with dense algal production in the waters of 
the bays also made a substantial contribution to the problem. 
Algae laden waters typical of eutrophic lakes and reservoirs are 
generally perceived to be less attractive for recreational use, especially 
when full body contact with the water is involved. Some algae are known to 
produce toxins that may be lethal to animals ingesting them. The 
decomposi tion of algal biomass on the sediments depletes the lower levels of 
the water column of oxygen, and aquatic life may be affected. In shallow 
water bodies, odorous compounds, including hydrogen sulfide produced during 
anaerobic decomposition, can be transferred to the surface and into the 
atmosphere during storms. Many algae release odorous compounds to the water 
during their growth. The eastern bays are currently very producti ve, 
reflecting the large inputs of plant nutrients from the three major rIvers 
that feed Great Salt Lake. The production of algae In the proposed 
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impoundments may meet or exceed that currently occurring in the bays. Thus, 
the eutrophication of the proposed embayments is a concern. 
Research Objectives 
In 1986 the Utah state Legislature allocated funds to conduct additional 
studies associated with the proposed East Bay diking system. Thediking 
configuration is similar to that of the "large project" proposed in the early 
1930s and mentioned earlier in this discussion. The consulting engineering 
firms of Rollins, Brown, and Gunnell, Inc. and Creamer and Nobel Engineering 
were contracted to conduct a study of the foundation conditions along the 
line of the proposed dikes and to provide an engineering design and cost 
estimate of the diking system. In conjunction with this dike study, the UWRL 
was contracted to pursue further investigations of current water qual i ty 
conditions in the East Bay area, and to develop projections of the impacts of 
the proposed diking system on water quality conditions in the bay. The 
specific objectives of this study are stated as follows: 
1. Determine the extent of sediment pollution with toxic chemicals and 
enteric pathogens in the East Bay wi th emphasis on the southern Farmington 
Bay. 
2. Estimate the hazard to human health associated with toxic chemicals 
and pathogens in the sediments by evaluating routes of exposure and 
estimating probability of exposure. 
3. Describe the trophic status of the East Bay and estimate the trophic 
condition likely to develop in the proposed impoundment(s). 
4. Estimate the salinity of the impounded water and evaluate its 
potential for beneficial use. 
5. Evaluate the brinefly and mosquito production potential of the fresh 
water environment created by the proposed impoundment. 
With the exception of experiments intended to determine the survival of 
brinefly larvae, and hence the brinefly population, in waters with salinity 
similar to that expected to develop in the proposed impoundment, each of the 
above objectives has been successfully addressed. 
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CHAPTER 2 
SEDIMENT POLLUTION CONSIDERATION 
Pollutant/Sediment Interactions 
In most aqueous environments, sediments tend to "record" chemical and 
microbiological inputs to the water column. Through ion exchange processes, 
sorption, hydrophobic bonding, and precipitation reaction metal ions, organic 
molecules and microorganisms become associated wi th particulate matter and 
become incorporated into the surface sediments. Organic compounds may be 
transformed or decomposed at rates which are dependent on their biodegrad-
ability or their reaction rate with other compounds in the sediments. Metals 
may be oxidized or reduced and their chemical form may change in time, but 
most metals tend to stay in the sediments. Pathogenic microorganisms, 
including viruses, frequently die away or become inacti vated due to 
antagonism from other microorganisms in the sediments or from deleterious 
physical and chemical influences in the sediment environment. Some 
environmentally resistent forms may persist in an infectious form for months 
or years in the sediments. The eggs and cysts of some enteric parasites are 
among the most environmentally resistent pathogens. I 
Toxic organic compounds, and heavy metals may dissolve and microbial 
pathogens may be desorbed from sediments if their chemical environment 
changes. Changes in the ionic strength of the sediment solution and changes 
in the oxidation/reduction potential of the microenvironments of the sediment 
are usually very important in effecting desorption or dissolution reactions. 
The reduction of salinity of the water overlying the East Bay sediments could 
change the ionic environment in such a way that pollutants presently 
sequestered there could be released to the water column. 
The increased diversity of life and the likely introduction of fishes 
into the proposed freshwater impoundment would broaden the foodweb and extend 
it to persons consuming the fish. Organisms that are part of the foodweb 
that biologically accumulate toxic chemicals from polluted sediments are 
likely to become established and another route for human exposure to sediment 
toxics will have been established. 
Previous observations (Israelsen et al. 1985, Chadwick'et al. 1986) had 
indicated that Farmington Bay sediments contained toxic metals and other 
poll utants, and a major effort was designed to determine the extent and 
severity of this pollution. Other sediment locations were sampled that were 
thought to be influenced by wastewater treatment plant effluents, and runoff 
from urban and/or industrial areas. 
Sediment Sampling 
All surface sediment samples were collected by SCUBA divers using a 
garden trowel or from a boat using in Ekman grab. Sediment cores were 
collected at selected sites by SCUBA divers by driving a 3 inch (7.6 cm) 
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inside diameter aluminum tube into the sediment to a depth of 1 ft (30 em), 
stoppering the top of the tube, extracting the tube, and then covering the 
bottom of the tube containing the core. 
Surface sediment samples were placed into widemouth one-quarter Mason 
jars that had been detergent washed, rinsed with 6N HCl, double deionized 
water, acetone, and HPLC grade hexane and then air dried. Aluminum sediment 
coring tubes were scrubbed with detergent and rinsed with double deionized 
water. 
Sediment sampling locations in the southern Farmington Bay are shown in 
Figure 4. Detailed location information for each site and identification of 
sites from which core samples were taken are given in Table 1. 
Sediment samples were collected in the vicinity of the C7 canal which 
flows through the Kennecott copper smelter area and the Goggin drain 
vicinity. The Goggin drain carried Jordan River water which is influenced by 
wastewater treatment plant effluent, and urban and agricultural nonpoint 
source pollution. These sites lie south of Antelope Island and are 
illustrated in Figure 4. Core samples were collected from sites C73, C74, 
and Goggin-4 (G4). 
The influence of Jordan River water entering Farmington Bay through the 
Waterfowl Management Area was investigated by sampling the sediments near an 
outfall of the Number 1 unit of the Waterfowl Management Area. This site was 
designated Bird Refuge (BR, Figure 4), and both surface sediment and a core 
sample were collected at this location. 
Sediments thought to be influenced by the Central Davis wastewater 
treatment plant (WWTP) were also sampled (CDl through CDS, Figure 4). A core 
sample was taken at CDS. 
Sediments near the effluent of the North Davis WWTP were sampled at four 
locations. The influence of the Weber River was investigated by sampling 
sediments at six locations west of the Ogden Bay Waterfowl Management Area. 
A single sample of sediment near the inflow of water through the Lucin Cutoff 
from Bear River Bay was sampled. A core sample of sediments at Hooper Hot 
Springs was collecte,j to investigate the 'possible natural accumulation of 
radionuclides at that location. 
Sediment Analyses 
Sediments were analyzed for moisture content, oil and' grease, specific 
organic contaminants (by gas chromatography, gas chromatography mass 
spectrometry, and high performance liquid chromatography), and heavy metals 
(arseniC, cadmium, chromium, copper, lead, mercury, nickel, water soluble 
selenium, and zinc) by atomic absorption spectrophotometry or inductively 
coupled plasma emission spectrometry. Methods of analysis are detailed in 
Appendix A. Radiological analysis of samples from the Goggin Drain area Bird 
Refuge and Hooper Hot Spring for Radium-226 was done by the Utah Department 
of Health, Environmental Health Laboratory. 
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Figure 4. Sediment.sampling locations in the East Bay. Surface grab 
sample locations (0), and core locations (+) are shown. 
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Table 1. Sediment sampling sites in the area of the Salt Lake Sewage Canal. 
Surface sediments were collected at all sites. Sediment cores were 
collected at the sites noted. 
Grid Location 
Site (miles) * Location Core 
Designation North West N. Latitude W. Longitude Sample 
000 -0.03 -0.21 40 0 54.00' 112 0 0.51 ' 
2 0.26 0.03 54.26 0.79 
3 0.60 0.27 54-.55 1.06 
4 0.92 0.51 54.83 1.34 
5 1.23 0.77 55.10 1.63 
6 1.57 1.00 55.39 1. 90 
7 1.88 1.23 55.66 2.16 
8 2~37 1.59 56.09 2.57 
9 2.87 1.96 56.52 3.00 
10 3.49 2.43 57.06 3.54 
301 0.84 -0.54 54.76 0.13 
201 1.18 0.62 55.05 1. 46 
101 0.53 0.73 54.49 1.59 X 
SC3 0.29 0.64 54.28 1. 48 
SCAl 0~24 1.05 54.24 1. 95 
SCD' 0.58 1. 48 54.53 2.45 X 
SCA2 0.62 1.33 54.57 2.27 X 
SCBl 1. 14 0.74 55.02 1. 60 X 
201.5 1.52 0.42 55.35 1.23 X 
SCCl 1. 75 -0.01 55.55 0.74 
SCC2 2.42 0.47 56.13 1.29 
202 1.92 1.44 55.70 2.40 X 
SCB2 1.73 1.25 55.53 2.18 
SCA3 1.05 1.98 54.94 3.02 X 
102 0.85 1. 91 54.77 2.94 
SCE' 0.84 2.33 54.76 3.42 
'03 1.35 2.43 55.20 3.54 X 
104 1.62 3.67 55.44 4.96 X 
8GA4 2.25 2.52 55.98 3.64 
8GB3 2.63 2.02 56.31 3.07 
203 3.20 1.82 40 0 56.81' '12 0 2.84' X 
*Coordinates north and west from the northwest corner of the Turoin uni t (unit 
3) dike of the Farmington Bay Waterfowl Management Area 
in Figure 4). 
(see "data grid origin" 
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Statistical Procedures 
Sediment data were analyzed using graphical and statistical programs on 
microcomputers. The data analyses have been done using bivariate regression 
and principal component analyses using the Sti'ltview Statistical Software 
package (Feldman 1986). 
Bacteria and viruses 
Results and Discussion of 
Sediment Investigations 
Tabl e 2 shows the results of bacteriological analyses of East Bay 
sediments. Concentrations of total coliforms and fecal streptococci, which 
are standard fecal indicator bacteria (APHA 1986), and Clostridium 
perfringens, a spore forming bacterium commonly found in high concentrations 
in the feces of man but not grazing animals, were determined. The methods of 
extraction and analyses are described in Appendix A. Concentrations of total 
coliforms were below detection limits in all of the samples examined. Fecal 
streptococci concentrations were measurable in 6 of the 46 samples, but 
concentrati ons were low. These low levels of indicators of microbial 
pollution of fecal origin indicate that the sediments pose little risk from 
diseases caused by bacteria and usually transmitted by the fecal-oral route. 
The spores of C. perfringens are environmentally resistent and can 
survi ve for long periods in sediment and soil (Bisson and Cabelli 1980), and 
may indicate the survival of enteric pathogens that tend to survive longer in 
the environment than coliforms (Emerson and Cabelli 1982). The concentrations 
of C. perfringens spores in the sediments were surprisingly low. Vander 
MeidE!and Nicholes (1972) indicated that much of the sediment near the Salt 
Lake City Sewage Canal in Farmington Bay was contaminated wi th sewage 
material since concentrations of coliform bacteria were high in these 
sediments. Apparently the spores of C. perfringens have not survived since 
inputs of sewage to this area have essentially ceased. C. perfringens spores 
are resistant to chlorine used in wastewater diSinfection, and might be 
expected to have reached the Farmington Bay sewage canal area even in treated 
and disinfected sewage waters. Therefore, the cessation of spore input to 
the sewage canal area where samples were taken may have been as recent as 
about 1980 when Great Salt Lake's elevation was consistently above 4200 ft. 
The only sample showing environmentally significant concentrations of C. 
perfringens spores was near the North Davis Wastewater Treatment plant 
effl uen t where replenishment from the treated and disinfected wastewater 
would be expected. Together, the coliform, fecal streptococci, and C. 
perfringens spore data indicate that the sediments of the East Bay are not 
conducive to the survival of enteric pathogenic bacteria, and little hazard 
to public health exists in the sediments sampled. 
The work of Burdyl and Post (1979) showed that Great Salt Lake water 
accelerated the death rate of Escherichia coli (a coliform bacterium) over 
that expected for freshwater, and that the death rate increased wi th 
increasing salinity. If the East Bay waters and sediments are less saline, 
the survival of enteric bacteria in both the sediments and the water may 
increase. 
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Table 2. Fecal pollution indicator organisms in Great Salt Lake sediment 
samples. 
Identification Date Perfringens Fecal Strep Coli forms 
Site Collected Illg MPN/g MPN/g 
0-00 14 Jul 5 < .4 < .3 
fl2 If < 4 < .7 < .7 
fl3 II < 2 < ~4 < .4 
114 If < 1 < .3 < .3 
115 If < 2 2.1 < ~5 
116 
" 
< 2 < .4 < .4 
n " < 3 < .6 < .6 
fIB 
" 
< 3 < .7 < .7 
fl9 " < 2 < .3 < ~3 
1110 II < 1 < .3 < .3 
BIRD REF " < 1 < .3 < .3 
N DAVIS 1 15 Jul 225 < .B < .8 
N DAVIS 2 If 30 8.1 < .5 
WEBER 1 21 Jul 18 <1 .2 <1 
WEBER 2 If 3 < .7 < .7 
wEBER 3 
" 
< 2 < .4 < .4 
C DAVIS 1 " < 3 < .5 < .5 
C DAVIS 2 
" 
< 3 < ~5 < .5 
C DAVIS 3 If < 3 < .6 < .6 
C DAVIS 4 II < 3 < .5 < .5 
1-01 23 Sep < 1 < .3 < .3 
2-01 .5 If 17 < .8 < .8 
1-02 
" <97 48.67 < .4 1-03 If < 1 < .3 < .3 
1-04 It < 2 < .3 < .3 
SCA-1 It 5 < .5 < .5 
SCA-2 
" 
< 1 < .5 < .3 
SCD-1 " < 1 < .3 < .3 2-01 Oct < 2 < .4 < .4 
2-02 II < 1 < .3 < .3 
2-03 II < 2 < .3 < .3 
SCB-1 If 3 < .7 < .7 
SCB-2 It < 2 < ~5 < .5 
SCB-3 It < 1 < .3 < ~ 3 
SCA-3 n 4 < .4 < .4 
SCA-4 II < 2 < .4 < .4 
SCC-l II < 1 < .3 < .3 
SCC-2 " < 1 < .3 < .3 
3-01 
" 
20 5.6 < .7 
C7-3 8 Oct < 1 < .3 < .3 
GOGGIN 4 n 22 29 < .5 
C7-4 II < 1 < .3 < .3 
SC-3 
" 
32 < .3 < .3 
BRD REF " 4 < .7 < ~7 
C DAVIS 5 
" 
2 < ~ 3 < .3 
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Sediment samples from all of the sites listed in Table 2 were examined 
for contamination with enteric viruses. Methods used in the enteric viruses 
assay are descr i bed in Appendix A. No infectious enteric viruses were 
detected in any of the samples. When poliovirus was added to sediment 
samples, up to 90 percent of the added virus could be r-ecovered, verifying 
the ability of the methods used to detect virus in the sediments. To help 
explain the apparent absence of enteric viruses in sediments thought to have 
been fecally contaminated (Vander Meide and Nicholes 1972), an experiment was 
designed to evaluate the survival of poliovirus in Farmington Bay sediments. 
A fine textured and a sandy textured sediment sample were divided in two 
parts. One part of each sample was sterilized with 2.5 to 3 Mrad of gamma 
radiation from cobalt-60, and both parts were seeded with poliovirus. The 
recovery of the virus from the samples was monitored over a period of four 
weeks. The results of this experiment are shown in Figure 5. Virus survival 
in the sediments was compared to survival in precipitated calcium phosphate. 
Calcium phosphate provided a reproducible particulate material, devoid of the 
complex chemistry and biology of natural sediment, from which enteric viruses 
could be efficiently extracted using the procedures employed in this study. 
The concentration of infectious virus recoverable from all of the sediment 
material after 3 weeks incubation at 250 C was below the detection limits of 
the assay. Virus inactivation was most rapid in the sandy sediment. 
Surprisingly, there was no meaningful difference in inactivation rates 
between the sterilized and non-sterilized sediment material regardless of 
texture. These results indicate that non-biological factors in the sediments 
are primarily responsible for the inactivation of viruses, and that the rate 
of inactivation is sufficient to remove from 90 to 99 percent (1 to 2 
logari thms concentration) of the viruses per week. Apparently, virus that 
might have been deposited in sediment from wastewaters would have been inact-
ivated in less than one month. The hazard of an enteric virus infection from 
the sediments of the East Bay appears to be minimal. Populations of enteriC 
viruses entering the sediments under current environmental condi tions 
probably continue to be inactivated over a matter of several weeks. Enteric 
viruses would be expected to inactivate in freshwater sediments as well, but 
the rate of inactivation is unknown. 
Oil and grease 
Oil and grease determinations provide a quanti tati ve measure of groups 
of substances with similar physical'- characteristics based on their common 
solubility in trichlorotrifluorethane. Groups of compounds determined in the 
oil and grease procedure include crude, lubricant, crankcase oil components, 
and industrial waxes and solvent (Van Luik 1984). 
Surface sediment oil and grease concentrations ranged from 40 to 8500 
mg/kg, while sediment core samples ranged from nondetectable to 332,000 
mg/kg. Highest concentrations of oil and grease were found in the area of 
the .:oalt Lake City sewage canal. Figure 6 illustrates the distribution of 
oil and grease in this area. For comparison, an average value for sediments 
chemically polluted by petroleum oil has been reported as 5000 mg/kg or 0.5% 
oil and grease (Hartung and Klinger 1970, Perrier et al. 1980). 
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Specific organic contaminants 
The high oil and grease content observed in the sediments suggested 
contamination from petroleum sources. Therefore. emphasis was placed on 
searching for toxic organic compounds associated with petroleum wastes, in 
particular. polynuclear aromatic (PNA) compounds. PNA compounds are of 
particular enVironmental health concern due to their chronic health effects, 
high bioaccumulation potential. and resistance to microbial degradation 
(Herbes et al. 1976). 
A high performance liquid chromatography (HPLC) method was used on 15 
selected sediment extracts to detect the 16 PNA compounds listed in Table 3. 
At least one of the 16 PNA compounds was tentatively identified in each 
sediment extract. However, the concentrations were much lower than those 
which have been reported for polluted sediments (Van Luik 1984). Table 3 
summarizes the HPLC results. The HPLC method used presupposes a hi gh 
expectation of finding the compounds of interest, andver if ication of the 
results by an independent method, such as GC/MS. is necessary to assure 
correct identification. 
Sediment extracts were also examined using gas chromatography/mass 
spectrometry (GC/MS) to verify HPLC results and to identify any additional 
or-ganic contaminants resulting from the suspected petroleum contamination or 
other industrial or domestic sources. GC/MS provides both chromatographic 
retention and structural information which in many instances enables a 
positive identification of unknown contaminants. Several PNA compounds were 
identified along wi th other aromatic compounds commonly associated wi th 
petroleum wastes such as xylenes and methyl benzenes • In addition, several 
chrlor i nated aromati c compounds of unknown origin were also tentatively 
identified. The GC/MS results are summarized in Table 4. The concentration 
of all compounds reported in Table 4 is less than 0.1 mg/kg in the sediment. 
The structure of each identified compound is also presented in Figure 7. 
Metal content of sediments 
from the sewage canal area 
Mean values and ranges for the total metal concentration and oil and 
grease determined in East Bay sediment collected from the sewage canal area 
were compared with mean and range values considered typical for agricultural 
sol1s (Lindsay 1979) and range values for sediments from contaminated 
waterways (Van Luik 1984. Hickey and Kittrick 1984. Lindan and Hossner 1982). 
The comparison is shown in Table 5. The mean values and ranges of metal 
concentration, with the exception of nickel and chromium. were higher in East 
Bay sediment as compared with typical values encountered in soils. The mean 
and range of nickel and chromium concentrations in the sediments were below 
values reported for soils. The common range of metals in sol1s includes 
soils that are naturally high in these metals. One should be cautious about 
using the upper limits of this range of metal concentrations as being 
environmentally acceptable. The range of metals and 011 and grease in 
Farmington Bay sediment from the sewage canal area was wi thin the range 
reported from known contaminated waterway sediments, suggesting that man's 
activities are the origin of ' the metals at sites close to the sewage canal. 
Table 6 lists the industrial use of selected metals. These types of 
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COMI)OUN» 
c· 
PNA compounds tentatively identified in East Bay sediments at selected sites by HPLG 
(Method 8310, EPA SW-846). 
CONCENTRATION IN SEDIMENT (MG/KG) 
location localion localion localion local ion local ion localion loc3lion locallon location localion location location 
0 5 9 SClll·1 SCC2 SCA3·} 201.5 203.1 0 in C7 bird rcfll C N. Davis Bear River·l 
NAPHTHALENE <1.21E·4 <1.2IE·4 <I.2IE-4 <1.21 E-4 <1.2JE-4 <1.2IE·4 <L21E·4 <1.2IE·4 <1.21E-4 <1.21E·4 <1.21E·4 <1.21E-4 <1.2IE·4 
ACENAPHTHYLENE <8.75E·5 <8.8E-S <S.SE-5 <S.SE-S <8.8E·5 <8.8E-S <S.8E·S <S.8E·5 <8_SE·S <8.SE·5 <S_SE·5 <8.8E·S <8.SE-5 
ACENAPHTHENE <1.37E-5 <1.37E·5 <1.37E-5 <1.37E·S <1.37E·S <1.37E·S <1.37E-5 <1.37E-5 <I.37E·5 <1.37E-S <I.37E-S <\.37E-5 <1.37E-S 
FLOURENE <5.22E-5 <S.22E-S <S.22E-S <S.22E·S <S.22E·5 <S_22E·S <5.22E-S <S_22E-S d.22E·5 d.22E-5 <5.22E-S <S.22E-S d.22E·5 
PHENANTHRENE <1.12E-5 1.36[·05 8_51 E·06 <1.I2E-S <1.l2E·S 6.99E·06 <1.I2E·S 4.37E-06 <1.l2E-S 4.45E-06 <1.I2E-S <1.l2E-S <I.I2E-S 
ANTHRACENE <3.23E-5 <3.23E-S <3.23E-S <3.23E-S <3.23E-S <3.23E-S <3.23E-5 d.23E·S <3.23E-5 d.23E·S <3.23E-5 <3.23E-S <3.23E-S 
FLOURANTHENE <4.34E-5 <4.34E·5 <4.34E·5 <4.34E-S 2.43E·05 <4.34E-5 <4.34E·S <4.34E-S <4.34E-S <4.34E-S <4.34E·S <4.34E-S <4.34E-S 
PYRENE <4.81E-5 <4.81E-S <4.8IE-5 <4_8JE-S <4.8IE-S <4.8IE-5 <4.8IE·5 <4.S\E-S <4.SIE-S <4.S\E-S 1.13E·04 4.04 E·05 1.09 E·04 
HENZ(a)ANTHRACENE <S.43E-5 1.86E·04 6.40E·05 <8.43E-S 8.06E·05 <8.43E·S 5.38E·05 <S.43E·S 4.01 E-05 <R.43E-S <SA3E-S <SA3E·S <8.43E-5 
CHRYSENF: <1.69E-5 <1.69E·S <1.69E-S <1.69E-5 <1.69E·S <1.69E·S <1.69E-5 <1.69E-S <1.69E-5 <I.69E-S <1.69E.5 <1.69E·5 <1.69E·5 
IJENZO(b)FLOURANTHEi':E <4.62E-5 <4.62E·S <4.62E-5 <4.62E·S <4.62E-S <4.62E·S <4.62E-S <4.62E-5 <4.62E·S <4.62E-S <4.62E-5 <4.62E-S <4.62E-S 
IlENZO(k)FLOURANTHEi'\E <1.36E-S <1.36E-5 <1.36E-5 <1.36E·5 <1.36E-S <1.36E·S <1.36E-S <1.36E-5 <1.36E·S <1.36E·S <1.36E-5 <1.36E·S <I.36E·5 
BENZ(a)PYRENE <9.04E·S I. 7SE·04 <9.04E·S <9.04E·5 <9.04E·5 4.07E-04 <9.04E-S <9.04E·S <9.04E·S <9.04E·5 <9.04E-S <9.04E·5 <9.04E-S 
IJENZO(g,h,i)PERYLENE <6.29E-S <6.29E·S <6.29E·S 4.0U:-OS <6.29E·S S.19E·04 <6.29E·S <6.29E-S <6.29E-S <6.29E-5 <6.29E-S <6.29E-5 <6.29E·S 
IIJENZ(a,h)ANTHRACENE <2.631.>-S 1-69E·04 <2.63E-S <2.63E·S <2.63E-S <2.63E-S <2.63li·S <2.63E·S <1.63E-S <2.63E-5 <2.63E·5 <2.63E-S <2.63E·5 
INDEN()(!.,2,3.cd)I)YRENE <S.61 E-7 1.50E·04 <S.61E·7 <S.61E·7 1.38E·06 <S.6IE-7 <S.61E-7 <S.6IE-7 2.63 E-06 <S.6IE·7 <5_6IE·7 <S.61E-7 <S.61E-7 
Table 4. Specific organic contaminants identified in East Bay sediments 
by GC/MS. 
Compound MW Identifi cation Location 
Phencl 94 c SCA1 
Misc. hydrocarbons 100-high a All sites 
Xylene 106 c SC3 
Ethylmethylbenzene 120 b 001 
Trimethylbenzene 120 c 001 
Chloroanil ine 127 b SCA 1 , 
Chloroisocyanatobenzene 153 b SCAl 
1,~-dichloro-2-isocyantobenzene 187 b SCA1, 
Indeno[1,2.3-cd]pyrene 276 c SCA 1 
Dibenz ,h]anthracene 278 b SCAl 
Bis(2~ethylhexyl)phthalate 390 c SCA 1, 
a: fragmentation pattern suggests compound type indicated 
b: identification based on match with EPA/NBS mass spectral library 
c: identification based on spectral mass supported with chromatographic 
retention match with standard sample. 
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CI 
N=C=O 
Hydrocarbon 
CI 
Dichloroisocyantobenzene 
Trimethylbenzene 
Ethylmethylbenzene 
~OH 
V 
Xylene Phenol Bis(2-ethylhexyl)phthalate 
N=C=O 
Chloroaniline Chloroisocyanatobenzene 
Dibenz[ a,hlanthracene Indeno[1,2,3-cdlpyrene 
Figure 7. Chemical structures of compounds identified in Great Salt Lake by 
GC/MS. 
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Table 5. Total metal concentrations (mg/kg) and 011 and grease (%) in 
Farmington Bay sediment from the sewage canal area compared with soil 
and contaminated sediments from waterways in the U.S. and esti-
mates of background levels of metals in the Great Salt LaKe 
sediment. 
Estimated Back-
Sewage Canal Contaminated ground Concen-
Area Sediments So11s* Sediments** trations in East 
Metal Mean=i= Range Mean Range Range Bay Sediments 
As 24.7 9.7-52.8 5 1-50 4-48 16.7 + 4.9 
Cd 2.4 0.4-6.6 0.06 0.01-0.70 < 1-51 .2 0.64-::,. 0.36 
Cr 42.7 6~5-346 100 1-1000 50-1700 15.9+5.1 
Cu 118 11.5-347 30 2-100 19-380 35.6+27.4 
Hg 0.78 0.05-3.71 0.03 0.01-0.3 <0.4-1.4 0.21 -+ O. 16 
Ni 14.7 5.71-28.3 40 5-500 19-240 10.7 + 3.1 
Pb 150 <9-472 10 2-200 210-1700 51.6 :;:- 47.2 
Zn 230 29.3-677 50 10-300 42-10,000 75.2 :;:- 48.2 
Oil & 
Gl'ease 0.26 0.01-0.85 0.01-14 0.033 + 0.018 
+n = 31 
* From Lindsay (1979). 
** Sediments from contaminated waterways. Data reported by van Luik (1984), 
and Hossner (1982). Hickey and Kittrick (1984), and Lindan 
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Table 6. Industrial use of selected metals. 
As Mining and ore processing, pesticides, pigments, glass, textiles, wood 
preservatives, fireworks, printing, tanning, anti-fouling paints, 
enamels, ceramics, lUbricating oil, alloys, oil cloth, linoleum, 
semiconductors, photoconductors. 
Cd Mining and ore processing, electroplating, pigments, alloys, enamels, 
batteries rubber, plastics, fungicides, motor oil, textiles. 
Cr Mining and ore processing, pigments, chrome tanning, electroplating, 
chrome-plating, corrosion inhibitor, varnishes, dye fixers, photography 
emulsion, defoliant. 
Cu Mining and ore processing, brass, dyes, wire, fungicides, alloys, 
plating, pipes, roofing, paints. 
Pb Mining and ore processing, batteries, paints, glass, insecticides, 
gasoline additive, ammunition, solder, brass and bronze, pigments. 
Hg Mining and ore processing, paints, catalysis, fungicides, 
pharmaceuti c,al, plas ti cs, paper products, bat teri es, electri cal 
apparatus manufacturing. 
Ni Mining and ore processing, steel and alloys, pigments, cosmetics, 
batteries, electroplating, electrical contacts, gasoline, spark plugs, 
paints, lacquers, cellulose compounds. 
Se Glass, photocopy, pi gments, electrical industry, paints and inks, 
cosmetics, paint remover. 
Zn Mining and ore processing, alloys, metal coating, inks, copying paper, 
cosmetics, paints, rubber and linoleum, glass. 
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industries could contribute to metal loading in the Salt Lake sewage canal 
and this area of the Farmington Bay. 
Data on concentration of metals in sediment prior to urbanization around 
the lake are not available. Background levels of metals in sediments were 
estimated by averaging values at those sites where metal concentration, in 
the grab samples and in the core samples, indicated minimum exposure to 
contaminants. The estimated background values are listed in Table 5. These 
estimated background values, with the exception of nickel and chromium, were 
higher than the mean values but within the range of metal concentrations in 
soils. The higher mean value of metals in Farmington Bay sediments at sites 
distant from obvious metal inputs may indicate a geologic deposit of metal 
containing minerals. 
Table 7 shows that oil and grease levels in the grab samples collected 
from the sewage canal area significantly correlated with the various metal 
contents and that with the exception of mercury and chromium, each metal 
significantly correlated with all other metals. Oil and grease measured 
extractable organics such as crude, lubricant, and crankcase oil components, 
and industrial waxes, sol vents, and detergents. The presence of oil and 
grease in the sediments would indicate contamination from industrial sources. 
Tie correlation of metals with oil and grease supports the speculation that 
these parameters have a common source and/or history in these sediments. 
At'senic was the least well correlated with oil and grease (r=0.40), while 
zinc showed the highest correlation (r==0.81). 
Results from a statistical factor analysis for sediment collected from 
the sewage canal area showed a strong tendency for metals and oil and grease 
to occur together. Factor analysis is a multivariate method that aids in the 
explanation of relationships among several correlated variables in terms of a 
few conceptually meaningful, relatively independent factors. The magnitude 
of the eigenvalues and variance proportion listed in Table 8, indicates that 
73 percent of the variance of the linear combination of metals and oil and 
grease concentrations were explained by factor 1. Factor 2 explains less 
than 10 percent of the variance and was not considered significant. The high 
loading terms for all variables in factor 1 indicates that all metals and oil 
and grease fi t into this grouping and can be descri bed by this one 
independent factor (Table 9). In other words, all metals and oil and grease 
tend to occur together. Arsenic had the lowest loading in factor 1. 
Figures 8 through 13 are isoconcentration plots of metals measured in 
Farmington Bay sediments. The similarities between most metals and oil and 
grease concentrations can be seen by comparison with Figure 6. Figure 14 
shows sampling locations within the same axes used for Figures 6 and 8 
through 13. The general patterns of the isoconcentration lines are similar 
for the metals (except arsenic) and oil and grease. Metals and oil and 
grease were most concentrated at three locations: (1) sites 201, SeB1 and 5 
(1.3 miles north, 0.8 miles west of the dike corner), (2) site 102 (0.9 miles 
north, 1.9 miles west of the dike corner), and (3) at sites 000 and 2. 
Arsenic was most concentrated at sites SCA4. 8 and 9, indicating a source of 
arsenic unrelated to the other metals and oil and grease. 
Factor 1 values were also plotted for each site location (Figure 15). 
The plot shows a similar pattern to most metal and oil and grease plots 
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Table 7. Correlation coefficients (Pearson r) between metals and oil and 
grease levels in Great Salt Lake surface sediments collected from 
the sewage canal area. 
Correlation matrix 
Pb Cd Ni Zn Cu Cr Hg As Oil & Grease 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
Pb 
Cd 0.804 
Ni 0.681 0.859 
Zn 0.871 0.887 0.913 
Cu 0.833 0.857 0.907 0.956 
Cr 0.499 0.765 0.672 0.669 0.719 
Hg 0.553 0.651 0.753 0.775 0.635 0.26* 
As 0.419 0.484 0.692 0.641 0.685 0.484 0.391 
Oil & 
Grease 0.563 0.798 0.75 0.805 0.739 0.631 0.768 0.404 
*nonsignificant correlation: rS,.0.3 49 at 30 d.f. (95 percent confidence level ) . 
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Table 8. Eigenvalues and proportion of original variance. 
Magnitude Variance Prop. 
Value 6.602 0.734 
Value 2 0.829 0.092 
Value 3 0.668 0.074 
Value 4 0.534 0.059 
Value 5 0.164 0.018 
Table 9. Orthogonal transformation factor loadings. 
Factor Factor 2 
Pb lJg/g 0.82 -0.068 
Cd lJg/g 0.932 -0.00526 
Ni lJg/g 0.94 0.16 
Zn lJg/g 0.984 -0.061 
Cu lJg/g 0.959 0.121 
Cr lJg/g 0.742 0.473 
Hg lJg/g 0.758 -0.576 
As lJg/g 0.666 0.43 
% Oil & Grease 0.845' -0.256 
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Figure 8. Arsenic concentrations (mg/kg) in surface sediments near the 
Salt Lake Sewage Canal. Distances are measured from the corner 
of the turpin dikes of the Farmington Bay waterfowl management 
area. 
:;:: 
..... 
... 
'" 
.... 
<=> 
.... rv 
It> '" 
'" z o rv 
~ (:, 
::r 
o 
'" 
". -. " 
3.5 
.. \ 
"'-, ,"'r 
,- " "......JJ 
I '~_ ... 
':" " , 
, 
3.0 2.5 2.0 1.5 1.0 
Miles West 
~-i---"'''' 
, 
'. 
0.5 0.0 -0.5 - 1.0 
Turpin 
Dikes 
Figure 9. Cadmium concentrations (mg/kg) in surface sediments near the Salt 
Lake City Sewage Canal. Distances are measured from the corner 
of the Turpin dikes of the Farmington Bay waterfowl management 
area. 
29 
.. 
c 
•• !"' 
o "1).~" 
';,. " 
". D.$ .... " 
.' -0.5" 
" .; 
"",:, c" 
.... , .. 
"-S.L. Sewage ~ 
Canal ________ )-'" 
, 
p~----~--_r----T_--~----~----~--_r----~~~~--~ 
Turpin 
Dikes 
..... 3.5 3.0 2.5 .2.0 1.5 l.0 0.5 0.0 -O.S -1.0 
Miles West 
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Figure 11. Nickel concentrations (mg/kg) is surface sediments near the Salt 
Lake City Sewage Canal. Distances are measured from the corner 
of the turpin dikes of the Farmington Bay waterfowl management 
area. 
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Figure 14. Detail of sediment sampling locations near the Salt Lake City 
Sewage Canal. Approximate elevation contours of the lake 
bottom are shown (4,196, 4,197, 4,198, and 4,199 ft above sea 
level) along with the alignment of transects 1, 2, and 3. 
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(Figures 6 and 8-13). positive factor values indicate that the variance in 
the data at that site is explained by factor 1. As with the isoconcentration 
plots, sites 5, 102, and 000 had the highest factor values. Negative factor 
values indicate that the factor did not explain the variance in the 
concentration of metals and oil and grease. Apparently, the occurrence of 
metals and oil and grease at these locations is independent of each other 
indicating other sources of metals in the sediments at these sites. 
In order to better describe the spatial distribution of sediment 
contaminants, concentrations of metals and oil and grease at sampling sites 
along three transects were examined in detail. These transects and sampling 
sites are illustrated in Figure 14. Transects 1 and 2 originate at site SCA2 
and radiate out in northwesterly and northeasterly directions, respectively. 
Si te SCA2 is located 0.6 mile north and 1'.3 miles west of the dike corner. 
Transect 3 originates at site 000, located in the waterfowl management area, 
and extends in a northwesterly direction. 
Figures 16 to 18 illustrate the concentration of metals along each of 
the transects. If the sewage canal was the sole source of metal 
contamination in the area, and the dispersion pattern was uniform, one would 
expect high concentrations of metals and oil and grease at the sewage 
d:scharge site, and an exponential decrease in concentration with distance 
until background levels were reached. This pattern was not demonstrated 
(Figures 16 to 18). There are no other known sources of metal and oil and 
grease contamination in this area to explain "hot spots" at distances from 
the discharge site. However, the dispersion pattern of metals with distance 
from the sewage canal di scharge poi nt di splayed a non-random spatial 
variability, indicating additional factors are influencing metal and oil and 
grease concentration. One possible factor is the topography of the surface. 
Topography would be especially influential on distribution if the oil 
material flowed onto the "mud flats" of this area when the lake was very low. 
For transect 1, the two sampling locations 101 and SCA2 were nearer to 
the sewage canal, yet were lower in metal and oil and grease concentration 
than sites at greater distances (Figure 16). Site 103 at 1.24 miles from 
SCA2 had significantly lower metal and oil and grease concentrations than 
site 104, 2.1 miles from SCA2. The sites with low concentrations of metals 
and oil and grease were all at higher elevations (greater than 4196 feet), 
than the other sites (Figure 14). Transect 2 (Figure 17) showed a similar 
pattern, with samples at higher elevation having lower metal and oil and 
grease content regardless of distance from the sewage canal discharge point. 
Transect 3. started at site 000, located in the waterfowl management 
area (Figure 18). From site 000 to site 4, 1.21 miles away, there is a 
decrease in metal and oil and grease concentrations with distance. At site 
5. 1.61 miles from 000. metals and oil and grease concentrations increased 
dramatically. Site 5 was located in a depressed area which may be related to 
the accumulation of metals and oil and grease at this site. The metals and 
oil and grease contents at sites 7 to 10 exhibited a characteristic decrease 
of concentration with distance. These sampling sites were of the same 
elevation (Figure 14). 
Apparently. elevation of the sediments of the Great Salt Lake had 
profound effects on the dispersion pattern of contaminants being introduced 
34 
L 
Pb Cu 
As Cr 
j0etalS 3.0 
Zn 
700 
600 
SOO 
400 
300 
200 
100 
o 
Figure ffi. Metals concentrations in surface sediment grab samples along 
transect 1. 
Zn 
Pb Cu 
A Cr ~etalS 
700 
600 
500 
400 
300 
200 
100 
o 
Figure 17. Metals concentrations in surface sediment grab samples along 
transect 2. 
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Figure 18. Metals concentrations in surface sediment grab samples along 
transect 3. 
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from the sewage canal. The same pattern of concentration of metals and oil 
and grease in the lower elevation sampling si tes is evident from the 
isoconcentration plots (Figures 6 and 8-13). This suggests that local 
variations in surface topography may induce "channeling" and other 
distortions in the dispersion pattern of introduced contaminates. This is 
evidenced by the fact that "hot spots" of contaminates are related to the 
local topography of the surface. Contaminants, introduced from the sewage 
canal. appear to be channeled into definable locations based on flow patterns 
infl uenced by surface topography. Similar results were reported by Lindan 
and Hossner (1982), who found increasing metal concentrations in contaminated 
marsh sediments with decreasing elevation. 
Core samples were taken at several locations in the sewage canal area. 
In general, metals and oil and grease were concentrated at the sediment 
surface (0-3 in, 0-7 cm) and decreased with depth indicating industrial 
origins of these chemicals. Figures 19 through 22 illustrate this decrease 
in concentration with depth for oil and grease and lead in core samples taken 
along transects 1 and 2. The 3-6 in (7-15 cm) core section at site 201.5 
(1.25 mi on transect 2) contained higher levels of lead (Figure 22) and 
arsenic (not shown) than the surface section. All other metals and oil and 
grease (Figure 21) at this site decrease with depth. 
Even with a decreasing concentration of lead and oil and grease with 
depth, some sites contained levels of these chemicals in excess of estimated 
background concentration at depths greater than lj in (10 cm) (si te SCB1 t 
Figures 21 and 22; SCA3 and 10lj, Figures 19 and 20). All these sites are 
located in the less than lj196 feet above sea level depression (Figure 1lj). 
These sampling sites contained the highest loading of metals and oil and 
grease in the surface sediments. This higher loading extends to depths 
greater than 10 cm indicating a longer deposi tion history or higher 
sedimentation rate than at other sites at higher elevations. 
A sediment core taken from the mouth of the sewage canal (site SC3) 
contained over 33 percent oil and grease and more than 1000 mg/kg lead in a 
layer under 3 in (7 cm) of sediment. Al though the rate of sediment 
accumulation would be expected to be high where the canal enters the lake t 
the 3 in of sediment over the greasy layer indicates that the waste was not 
deposited in recent years. Another exception to the general pattern was at 
site 203 <3.3 miles north, 1.6 miles west of the dike). At this site, the 
underlying 5.5 - 10.lj in (1lj-26.5 cm) contained significantly higher amounts 
of metals than the surface 5.5 in. Although metal content in the deeper 
sediment at this site was higher than the surface sediment, the 
concentrations of metals and oil and grease were relatively low and were 
wi thin the range found in soils (Table 5). This site is 3 miles from the 
pOint of discharge and is at an elevation above lj196 feet. It is unlikely 
that this site is or has been heavily influenced by sewage discharge. The 
higher levels of metals in the deeper sediments may be natural. 
In order to more accurately define the distribution of metals in the 
surface sediments of the sewage canal area, duplicate surface grab samples 
were collected from twelve si tes in the area on November 3, 1987. Samples 
were collected from previously established sites 000, 2, 3, lj, 5, 6, and 10 
using precision calibration of the Loran-C receiver (LC-8001, King Marine 
Radio Corp., Clearwater, FL.) to improve the accuracy of navigation to these 
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transect 1. 
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Figure 22. Sediment lead concentration with depth in cores taken along 
transect 2. 
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sites. The locations of sites 2 through 10 (transect 3, Figure 111), 
collected early in the study before the Loran-C was available, had been 
estimated using hand held compass bearings from prominent on-shore obj ects 
and from estimated speed and travel time of the sampling boat along a compass 
heading. All other previously collected sediment samples were collected at 
sites accurately located (+0.05 mi maximum in any direction) with the 
calibrated Loran-C at the time-of sample collection. Three new locations wet'e 
sampled within the Farmington Bay Waterfowl Management Area (WMA1, WMA2, and 
WMA3). A new site west of the waterfowl management area (SCAD), and a new 
site north of the waterfowl management area (SCCO) were also sampled (Figure 
23). All samples were analyzed for total lead and cadmium only. 
Figures 24 and 25 are the isoconcentration plots for total lead and 
cadmium measured in all surface sediment samples collected during the project 
that were accurately located. Data from sites 7, 8, and 9 have been 
eliminated from the plots, and data from samples collected November 3 have 
replaced earlier data from sites 000,2,3,4,5,6, and 10. Again, high 
concentrations of lead and cadmium are shown at 3 locations: (1) 
approximately 1 mi north and 1 mi west of the dike corner, (2) 0.9 mi north 
and 1.9 mi west of the dike corner, and (3) east of the dike corner. 
An electronic digitizer and calculator (models 98611A and 9810A, Hewlett 
Packard) were used to estimate the area of lead and cadmium contamination 
from Figures 211 and 25 (Table 10). Estimates of areas were limi ted to 
concentrations wi th sufficiently frequent data pOints to justify some 
confidence in the estimate. As shown above, oil and grease and most of the 
metals analyzed tend to occur together in the sewage c~nal area sediments. 
The patterns and areas of contamination identified for lead, using the 
additional data points, should, therefore, be indicative of the distribution 
patterns and areas of these pollutants. Because of the improved data base, 
Figure 21i should be regarded as the most accurate illustration of 
contaminated area currently available. 
Sediment metals near the Central 
Davis and North Davis WWTP 
Total metal content for sediment collected from Central and North Davis 
wastewater treatment plant (WWTP) areas are listed in Table 11. Metal 
content at all sites were in excess of estimated background metal content but 
in most cases was less than the mean value of metals at the sewage canal 
(Table 5). The exception is cadmium and chromium at the North Davis sites. 
At the North Davis 2 site, the cadmium concentration is 100 times and the 
chromium concentration is 25 times the mean value of the sewage canal 
samples. This sample consisted of vegetative matter with a little inorganic 
sediment. The North Davis sites were also high in oil and grease suggesting 
an industrial origin to the metals at these sites. Core data (Appendix B) 
shows elevated metal concentration limited to the surface 2 in (6 em) again 
indicated industrial, agricultural or domestic origins of metals of these 
surface sites. 
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known sample locations and new sampling site data. 
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Table 10. Estimated area of lead and cadmium contamination. 
Lead 
Estimated background Concentration 
concentration Exceeded 
(mg/kg) (mg/kg) 
52 ± 47* 200 
250 
300 
350 
Cadmium 
0.6 ± 0.4* 3 
4 
5 
*Average ± Standard deviation 
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Multiple of 
average background 
concentration 
4 
5 
6 
7 
5 
7 
8 
Area 
(sg. miles) 
;;::3.2 
;;::1.1 
0.3 
0.03 
1.5 
0.1 
0.03 
(' 
Table 11. North Davis and Central Davis - total metal content of sediment. 
Surface Samples 
Site Pb Cd Ni Zn Cu 011 Extract Hg As Cr 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
N. Davis 89 3.9 22 128 101 5500 0.38 17.0 62.5 
N. Davis 2 102 298 21 284 162 5300 0.11 20.5 105.0 
N. Davis 3 66 4.4 15 122 85 2800 0.26 26.3 10.9 
Central Davis #1 59 0.5 22 116 18 390 0.21 9.11 38.9 
Central Davis #2 128 2.0 13 188 119 810 0.01 35.4 35.0 
.t::'-
l/l Central Davis #3 134 2. 1 14 189 135 380 0.300 34. 1 42. 4 
Central Davis #4 113 2.2 19 114 125 390 0.34 33.6 41.8 
Table 12. Weber - total metal content of sediments. 
Surface Samples 
Site Pb Cd Ni Zn Cu Oil extract Cr Hg As 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
Weber 111 224 2.3 24.6 236 61.4 880 40.9 0.950 21.0 
Weber IJ2 308 2.1 16.3 315 59.0 510 23.4 0.120 14.6 
Weber /13 161 0.5 12.1 233 44.8 190 20.0 0.550 18.9 
Weber River and Ogden Bay 
Waterfowl areas 
Total metal content in sediment from the Weber River and Ogden Bay 
waterfowl area are listed in Table 12. The lead, zinc, and mercury levels in 
some of these sediments are higher than the mean contents of these metals in 
the sewage canal area (Table 5). Oil and grease content in these sediments 
are low suggesting a non-petroleum industrial source of metals in these 
sediments. Core data shows contamination of metals is limited to the surface 
5.5 in (14 cm). 
Metals at the C7 canal 
influence area 
Total metal content for grab samples taken near the C7 canal are listed 
in Table 13. Concentrations of lead, cadmium and nickel were less than the 
mean value of these metals at the sewage canal areas (Table 5) and were in 
the range common for soils. Copper at site C74 and zinc, copper, mercury and 
arsenic at site C72 were in excess of the mean concentration of the sewage 
canal area. The 1152 mg/kg copper at site C74 and 1790 mg/kg at site C72 
were the highest copper content in the sediment found at any location in the 
study. Mercury was 3.13 mg/kg at site C72. The proximity of this site to 
Kennecott could explain the elevated level of metals at these locations. 
Metals at the Goggin Drain and 
Jordan River influence area 
Sediment samples taken near the Goggin Drain and Number 1 uni t of the 
Farmington Bay Waterfowl Management area (bird refuge) were intended to 
indicate the influence of Jordan River waters may have on sediment quality. 
Total metal content for sediments collected from these areas are listed in 
Table 14. Metal contents at all sites, except for Goggin 2, were less than 
the mean values reported at the sewage canal area (Table 5). Mercury was 
high 0.3 mg/kg) at the Goggin 3 site. The concentration of metals in 
samples collected from sediments near a major outlet of the bird refuge 
approached mean values reported at the sewage canal. Metal input in both 
these areas may be due to mineral processing industries along the Jordan 
River. The metal content is limited to the top 6 in (15 cm) at the Goggin 
site whereas metals were in relatively high concentration to 14 in (35 cm) at 
the Bird Refuge site. 
Metals at the Bear River 
Bay influent 
Metals were relati vely low in the sediment sample taken near the 
entrance of Bear River Bay to the East Bay through the Lucin cutoff, but in 
excess of estimated background concentration for East Bay sediments (Table 
13). The higher metal content was limited to the top (6 in (15 cm) of the 
core, indicating industrial, agricultural, or domestic origins of these 
metals. 
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Table 13. C-7 - total metal content of sediments. 
Surface Samples 
Site Pb Cd Ni Zn Cu Cr Hg As Oil Extract 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
C7-1 29.5 0.7 5.57 123 360 8.27 < 19.8 40 
C7-2 66.4 0.6 16.6 326 1790 18.9 3.13 60.4 960 
C7-3 22.7 0.4 6.66 28.1 119 5.12 0.05 12.2 300 
C7-4 46.7 0.9 24.3 93.7 1152 32.8 0.08 25.2 800 
-"" 
-...j 
Table 14. Goggin Drain and Bird Refuge - total metal content of sediments. 
Surface Sampl es 
Site Pb Cd Ni Zn Cu Cr Hg As Oil Extract 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
Goggin 197 2.6 10.4 286 110 21.5 17 .4 1390 
Goggin 2 276 3.3 19.4 345 188 30.8 22.0 780 
Goggin 3 164 2.0 13.7 215 177 27 .6 3.30 24.0 640 
Goggin 4 111 1.6 9.41 175 114 14.2 0.205 17.1 2100 
Bird Refuge 143 0.7 9.24 108 66.2 9.49 0.08 18.4 800 
Bird Refuge 94.7 1.8 25.3 154 99.9 65.1 0.339 18.4 3200 
+:-
O'"J 
Table 15. 
Depth 
0-15 
15-111 
Bear River area - total metal content of sediments. 
Bear River 
Pb Cd Ni Zn Cu Cr Hg 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
73.2 1.9 21.11 110 711.8 30.9 0.232 
117.8 1.0 18.2 82.2 116. 1 21.8 0.315 
Table. 16. Maximum levels of water soluble metals in Great Salt Lake 
sediments. 
Sample As Cd Cr Hg Pb Cu Zn 
Location mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
SC3 1:142 
N. Davis li2 0.05 
Goggin #2 0.05 
SCB-2 0.034 
201.5 0.711 
SCAl 0.37 
N. Davis lil 0.1l8 
Oil Extract 
mg/kg 
3650 
1700 
Water extractable metals 
Selected sediments were extracted with deionized water, simulating the 
contact of these sediments with fresh water, to determine the concentration 
of metals (cadmium, arsenic, chromium, lead, zinc, selenium, copper, mercury, 
and nichel) that could be released to solution. In most all cases, the 
concentrations of metals released to solution was below detection limits of 
analytical procedures used (Appendix B). The maximum concentrations of water 
soluble metals observed in the samples are listed in Table 16. All samples 
analyzed for selenium were below detection limit and were therefore not 
included in this Table. 
Heavy metals are distributed between the water column and the sediments, 
with most of the added metals associated with the sediments (Lindan and 
Hossner 1982, Gupta and Chen 1975, Lee and Ki ttri ck 1984, Khalid et al. 
1981). Metals associated with sediments are not readily extractable by water 
as is evident from the results reported above. 
Methylmercury formation potential 
Mercury concentrations at some sites in the Salt Lake Sewage Canal area, 
at a site near the Goggin Drain, and a site near the C7 canal were more than 
10 fold higher than those typically found in soils and more than 2 fold 
higher than reported for some contaminated sediments (Table 5). Very little 
of this mercury was water extractable (Table 16). Mercury may be converted 
to a highly neurotoxic and biomagnification-prone monomethyl form in 
chemi cally reduced sediments by microogranisms including sulfate reducing 
bacteria (Compeau and Bartha 1985, Berman and Bartha 1986). The mercury 
methylation process may be limited by redox potential and concentrations of 
salinity in the sediment (Compeau and Bartha 1984, 1987). Salinity effects 
may be due to the increased availability of sulfate for reduction to sulfide, 
which probably results in the precipitation of HgS. Mercury in HgS is not 
readily methylated (Compeau and Ba!'tha 1984). Chemically reduced 
environments, e. g. anaerobic sediments, appear to be conducive to mercury 
methylation by allowing sulfate reducing and anaerobic mercury methylating 
bacteria to fluorish. Non-biological mechanisms for mercury methylation are 
minor contributors to the process in sediments (Berman and Bartha 1986). 
The sediment oxygen demand for decomposition of the biomass (principally 
algae) produced in the proposed reservoir will probably lead to anaerobic 
conditions in the sediments. This, combined with the decrease in sediment 
salinity that will occur under freshwater conditions in the proposed East Bay 
Reservoir may be conducive to methylmercury formation. Methylmercury formed 
in the polluted sediments could accumulate and concentrate through the food 
chain to fishes or waterfowl and eventually to man and present a health 
hazard to humans and wild life. 
To make a first estimate of the methylmercury formation potential in 
mercury polluted sediments from the Salt Lake City Sewage Canal area surface 
sediment grab and core samples were collected October 19, 1987 at sites 102 
(mercury polluted) and 202 (background mercury). Sediments were collected 
and handled as described previously except that sediment cores were taken in 
3.5 cm diameter, 50 cm long, 1.5 mm acrylic tubes. Two grab samples and 
three cores were taken at each si te. Cores were taken greater than 15 cm 
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deep, capped on the top and bottom and transported to the laboratory without 
removing overlying water. In the laboratory, se~iment was removed from the 
bottom of the cores, if necessary, to create a core 15 cm deep. 
Approximately half of the overlying lake water was removed from the cores and 
repl aced wi th deioni zed water which had been sparged with prepurified 
ni trogen to remove dissolved oxygen. Each core tube was closed on the top 
wi th a rubber stopper through which glass tubing was arranged to allow 
sparging of the top 12 cm (approximately 100 mL) of water with nitrogen to 
help mix the water over the sediment core. With nitrogen flowing, a second 
piece of tubing (vent) could be closed to force approximately 100 mL of water 
from the water column through a third tube that extended below the surface of 
the water approximately 11 cm. This water was collected for electrical 
conductivity analysis to indicate changes in salinity over time. The cores 
were then placed in a gas tight gove box under a prepurified nitrogen 
atmosphere, and incubated at 20 + 2°C. Incubation began October 20 and 
continued through December 9, a period of 50 days. Electrical conductivity 
of the overlying water decreased from 2!J,000 J.IDlhos/cm to 1000 J.IDlhos/cm over 
the time period. 
At the end of the study, the cores were divided into two even sections. 
Samples were throughly mixed. The grab samples, which had been kept frozen 
at -20°C, and the core samples were analyzed for methylmercury content using 
the extraction procedure of Longbottom et ale (1973) and analyzed by gas 
chromatography with an election capture detector (Appendix A). Total mercury 
was also determined in the grab and core samples. 
Table 17 lists results for total mercury and methylmercury analyses of 
the surface grab samples and the incubated core samples from sites 102 and 
202. The total mercury content of the samples was not affected by the 50 day 
incubation period. Methylmercury production was not detected in the core 
sample after the incubation period. One subsample from each of the surface 
grab samples indicated a potential for methylmercury formation. The 
chromatographic peaks corresponding to the retention time of methylmercury in 
these analyses were not confirmed as being methylmercury, and may have been 
due to an interfering compound. If the results were valid, the rate of 
methylmercury formation would appear to be low. In general, the data did not 
indicate extensi ve methylmercury production with desalinization of the 
sediments under conditions used in the laboratory study. These results do 
not preclude the formation of methlymercury in the sediments of the East Bay 
Reservoir, but suggest that if conditions similar to those imposed on the 
sample columns develop in the sediments of the reservoir, little if any 
methylmercury will accumulate in the sediments. 
Other metal mobility considerations 
Heavy metals associated with sediment have been classified into the 
following forms: water soluble and exchangeable; adsorbed or occluded in Fe 
and Mn oxides and hydroxides; bound or preCipitated with carbonates, 
phosphates, hydroxides and sulfides; bound to organic matter; and adsorbed or 
occluded in clay and silicate minerals. Metals associated with water soluble 
and exchangeable forms would be available for uptake by aquatic and benthic 
organisms. The other forms' of heavy metals would be less available for 
uptake but are potentially available to organisms wi th changes in 
environmental factors. Knowledge of the chemical form of metals is essential 
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Table 17. Total and methylmercury concentrations in freshly 
collected and anaerobically incubated, freshening 
sediments. 
Sample Site 
Site 102 
Site 202 
Site 102 
Site 202 
Initial Mercury Content of Sediments 
Total Hg Methlymercury 
Sample Subsample <ug/g) (ug/g) 
surface grab 1 1 
surface grab 2 1 
2 
3 
4 
surface grab 1 1 
2 
3 
4 
surface grab 2 1 
2.53 
1. 26 
NA 
NA 
NA 
0.06 
NA 
NA 
NA 
0.07 
Mercury Content after 50 days Incubation 
1 Top 1. 21 
1 Bottom 0.19 
2 Top 1.24 
2 Bottom 0.32 
3 Top 1.17 
3 Bottom 0.57 
1 Top 0.04 
1 Bottom <0.02 
2 Top <0.02 
2 Bottom <0.03 
3 Top 0.02 
3 Bottom <0.02 
NA* 
NA 
0.003 
<0.003 
<0.003 
NA 
<0.002 
<0.002 
0.008 
NA 
0.003 
NA 
<0.003 
NA 
<0.003 
NA 
<0.001 
NA 
<0.002 
NA 
<0.002 
NA 
*NA not analyzed 
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to estimating bioavailability, mobility, and chemical reaction of metals in 
the sediments. 
Several studies have defined the geochemical distribution of metal in 
contaminated sediments (Lee and Kittrick 1984a, Lee and Kittrick 1984b, 
Lindau and Hossner 1982, Hickey and Kittrick 1984). These studies have shown 
low concentrations of sediment metals in water soluble and exchangeable 
forms, the potentially mobile and bioavailable fractions. Sediment metals 
are likely to be found primarily in organic, sulfide, carbonate, and oxides 
fractions, the actual distribution depending on the specific mineralogy of 
the sediments. 
Chemi cal and/or biological transformation of sediments may, however, 
change the distribution of metals from non-available to available forms. 
Sediment transformation is strongly influenced by changes in sediment-water 
pH and oxidation-reduction (Redox) potential. Under alkaline and reduced 
condi tions, metals would be associated with the sediment solid phase and 
would not be easily released to solution. Changes in environmental factors, 
whi ch would lower sediment pH or cause oxidation of the sediments, will 
increase the availability of metals to the biota. Metals will be released 
from organic matter and reduced sulfur compounds under oxidized conditions. 
Tte oxidation of sulfide containing minerals, thiosulfate, and sulfur may 
cause acidification of the sediment via the production of sulfuric acid if 
acid production exceeds the buffering capacity of the sediments. 
Acidification would cause increased dissolution of other metal containing 
minerals and desorption of metals from mineral surfaces. This phenomenon has 
been demonstrated by Delaune and Smith (1985) and Khalid et al, (1981). 
Great Salt Lake sediments are highly alkaline and as such would be well-
buffered against changes in pH. Oxidation of the sediment would be most 
likely along shore lines and in shallow areas. Under alkaline and near 
neutral pH, metal dissolution has been shown to be essentially unaffected by 
changes in redox (Khalid et al. 1981). 
Insoluble metals associated with sediment solids that become suspended 
in the water column could be taken into water treatment plants if the waters 
of the proposed reservoir were to be used for muniCipal supply. Conventional 
complete treatment, which is required for all surface water suppl i es as 
specified by the State of Utah Public Dri'nking Water Regulations, Part II 
(Utah Department of Health 1986), would remove these particulates and the 
associated metals from the water. 
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CHAPTER 3 
AN APPROACH TO ASSESSMENT OF HEALTH RISK 
FROM POLLUTED SEDIMENTS 
The Elements of Health Risk Assessment 
In order to perform a quanti tati ve human health risk assessment four 
steps are recommended: 1) hazard identification, 2) dose-response 
assessment, 3) exposure assessment, and 4) risk assessment calcula ti on. 
Three types of potential hazards were identified for study in the sediments 
of the Great Salt Lake: toxic heavy metals, toxic organic compounds. and 
pathogenic bacteria. The data presented above are the results of the hazard 
identification phase of the quantitative risk assessment. The following 
sections discuss the dose-response and exposure assessment which must be made 
in order to quantify the risks to human health (and potentially animal 
health) associated with contact with the sediment, the water,.ingestion of 
water and suspended sediment through swimming and other recreational 
acti vi ties, and biomagnification potential through food webs involving fish 
and waterfowl for human consumption. 
Once this data is available, health risk would be calculated by 
multiplying the conditional probabilities of· an uninterrupted sequence of 
events that would result in disease. Each potentially detrimental situation 
consists of an initiating event, an exposure route. an entry route, host 
factors, and the consequence or response. Probability of each of these 
events needs to be determined to calculate the overall human health risk. 
The final health risk calculation would be: 
where 
peES) 
probability of the initiating event occurring, 
probability that the individual (person, fish, duck, etc.) 
would be exposed to the toxicant(s) or pathogens i.e., factors 
affecting the concentration of the toxin (s) or pathogens in 
the water, 
probability that exposure would result in an absorbed dose 
i.e., factors affecting the amount of toxin absorbed 
probability related to host factors (age, sex, health, 
nutrition, etc.) 
= probability that the given dose will result in a response such 
as cancer, kidney damage, liver damage, etc. (i.e., the dose-
response curve). 
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Table 18 lists four possible ini tiating events and the sequence which 
might follow. Other event sequences could be investigated in a similar 
fashion. Notice that the probability of the initiating events occurring will 
increase as the salinity of the lake decreases and the lake level is 
controlled. Controlling lake levels will provide access to the wetlands and 
recreational facilities now not used due to high lake levels. Swimming in 
fresh water will probably be more frequent than in the saline water currently 
in the East Bay area. 
Pathogenic Bacteria and Viruses 
The present sediments of the East Bay do not contain levels of fecal 
pollution indicator organisms sufficient to allow application of available 
dose-response data (Table 2). The high' salinity environment is toxic to 
coliforms and other fecal indicator bacteria.. For example, the survival 
times for E. coli in the Great Salt Lake have been measured as less than 6 
days (BurdYl. and Post 1979). Other reports indicate similar survival times 
for E. coli in saline waters. Table 19 shows survival times for several 
- --species of pa thogeni c and fecal indicator bacteria in water of varying 
salinity. 
Table 20 shows recreation water use diseases for the period 1978 to 1983 
as reported by the Centers for Disease Control annual reports. Tables 19 and 
20 show the value of both dose-response and exposure assessment when 
performing risk assessment. The hazard identification phase of this project 
showed very low levels of the usual fecal pollution indicators in the East 
Bay sediments analyzed (Table 2). This result might be expected based on the 
survival times in Table 19, and the high probability that little input of 
indicator organisms has occurred in the areas sampled for periods of 2 to 20 
years or more. Because of the low concentrations of indicator bacteria, 
undetectable concentrations of enteric viruses, and the relatively rapid die 
away of viruses observed in the experiments described in Chapter 2, one must 
conclude that there is little risk to human health from enteric pathogens in 
the sediments of the East Bay. This is probably true given the present (or 
higher) salinity of the system. 
Noti ce that Pseudomonas aerugionosa is the number one cause of 
recreational water use disease and that it also is among the few organisms 
that actually increase in numbers in freshwater systems (Table 19 and 20). 
This would indicate that the potential for disease from P. aeruginosa 
dermatitis will increase as the salinity of the East Bay decreases. The 
exact degree of risk cannot be determined without additional exposure data. 
To minimize exposure, designated beach areas should be establi shed with 
predetermined limits for fecal streptococcus, total staphylococci, and/or P. 
aeruginosa concentrations in the water. Citing cri teria for these areas 
should include evaluating their proximity to point sources of pollution and 
the potential for rapid changes in bacteria numbers. 
Quantitati ve infectious disease risk assessment in not possible at thi s 
time due to lack of available dose-response data relating water quality and 
disease incidence. However, the probabil ity for bacterial infection from 
water contact activities would be expected to increase as the salinity of the 
lake decreases. This increased probability of infection is related to 
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Table 18. Initiating events and subsequent factors that could contribute to 
health risk in polluted sediment areas of the East Bay. 
Ini tiating Transmission Entry Host Response 
Event Route Route Route 
1. Swimming a. swallow water Oral Age, skill, No effect to death 
other sources 
b. swallow suspended Oral Age, skill, No effect to death 
other sources 
c. skin contact Pathogen Health, skin No effect dermatitis 
abrasions 
2. Other water (same 111) (same as #1) (same) (same) 
contact 
acti vit ies 
V1 
V1 
3. Fishing Eat fish Oral Age, other No effect to death 
sources 
4. Duck hunting Eat duck Oral Age, other No effect to death 
sources 
Table 19. Bacterial survival in various environments (Mitscherlich 1984). 
Species 
Pseudomonas spp 
!:... aeruginosa 
Pseudomonas mallei 
Shigella spp 
Salmonella spp 
Salmonella typhi 
~. dystentariae 
Vibrio cholera 
B. anthracis 
S. aureus 
Fecal streptococcus 
Streptococcus pyogenes 
Mycobacteria tuberculosis 
E. coli K. pneumoniae 
Laptospira spp 
Xsmthomonas 
Enterobacter 
Pasturella multocida 
Shigella sonnei 
Clostridium spp 
Freshwater 
> 
> 
28 
2-10 
7-22 
32-43 
26-39 
28-65 
21 
13-20 
14-15 
27 
8 
7 
1-14 
5 
<5 
1-3 
Survival time in days 
Mineral water Seawater 
> 
27 
23 
289 
15 
8 
== 
6 
4-5 
15-72 
3-7 
3-6 
1-2 
5-9 
1-7 
1-6 
>6 
7 
15-19 
<180 
Note: > indicates the organism increases in number in the environment 
indicated. 
== indicates no change in number of organisms in the environment 
indicated. 
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Table 20. Causes of disease outbreaks related to recreational water use 
1978-1983 ranked by total number of cases reported during period 
(includes beach, pool, spa, and other water contact activities). 
(CDC 1978-1983). 
Number of Cases by Year 
Disease Total 1978 1979 1980 1981 1982 1983 
Pseudomonas dermatitis 2550 48 39 78+ 628 697 525 
AGI (viral & unk etiology) 424 341 83 
Shigellosis 335 335 
dermatitis (Unk cause) 217 200 17 
Pseudomonas otitis externa 110 110 
Adenovirus 66 66 
Legionella 48 34 14 
conjunctivitis-enteroviruses 40 40 
Schistosome dermatitis 30 30 
conjunctivitis-adeno virus 15 15 
Microcoleus lyngbyaceus 3 3 
Otitis externa 8 8 
cercarial 7 7 
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increases in the probabilities of the ini tiating events and exposure due to 
increased bacterial survival. 
Heavy Metals 
Total and water soluble concentrations of five toxic heavy metals in the 
sediments have been determined. They are arsenic, cadmium, chromium, 
mercury, and lead. Selenium, another toxic metal, was analyzed in sediment 
water extracts only. Copper, ni ckel, and zinc were found to be present in 
the sediments and were measured because of their possible affects on aquatic 
biota. They are not normally considered toxic to humans in most 
environmental situations. Total metal concentration in sediments sampled at 
various locations throughout the East Bay were high relative to the estimated 
background levels in the sewage canal area (Table 5). Table 21 shows 
toxicological data on these metals. Based on these findings in the hazard 
identification phase, the dose-response and exposure assessment appear 
necessary to evaluate the risk to human health. 
Table 16 shows the maximum water extractable metal concentrations for 
East Bay sediment sampling si tes. All samples analyzed for selenium were 
below detection, and were, therefore, not included in this table. Based on 
these data, the water soluble metal levels likely to develop in the water 
over these sediments present a minimal health risk. This suggests that other 
exposure forms and routes should be considered. 
One such exposure sequence might involve ingestion of water containing 
suspended sediment particles containing heavy metals. This may occur in 
swimming and boating areas where swimming and boating actions could mi x 
sediments into the water column. Figure 26 shows the concentrations of 
drinking water metals which would be obtained in a sediment suspension using 
the average metals concentrations of the sediments near the Sewage Canal. 
Relatively small depths of sediment are required to be suspended to exceed 
dr inking water criteria. With the exception of mercury, drinking water 
criteria cover only dissolved metals, and prudence is needed to interpret 
these illustrations. Nevertheless, it appears that accidental ingestion of 
water containing suspended sediments could expose swimmers to unacceptably 
high levels ·of heavy metals. This would be especially true if the sediments 
were covered wi th shallow water (1 to 4 feet) where children might play. 
Since the half life in the human body for heavy metals can be as high as 30 
years, the possible risk seem noteworthy. and further analysis of this route 
of exposure is recommended. 
Since complete treatment of the water that might be withdrawn from the 
reservoir for municipal water supply would be required (Utah Department of 
Health 1986), polluted suspended sediment would be removed from the water, 
and the public health risk from this source would be nil. 
The possibility of bioaccumulation, biomagnification, and toxicity in 
fishes and waterfowl may ~lso be important and should be better understood. 
Methyl-mercury is especially biomagnification prone. A first estimate of 
methylmercury formation potential in mercury polluted sediments (see Chapter 
2) found little or no methylmercury formed under anaerobic, freshening water 
conditions. 
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Table 21. Some toxicological properties of metal species identified in East 
Bay sediment samples. 
Metal 
Arsenic (As) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Utah Water Quality Standards 
Toxic Properties 
Trivalent oxidation state 
is the most toxic. Slowly 
excreted after absprption, 
it is a cumulative pOison 
with chronic effects in 
mammals. Concentrations 
of 1.1 to 2.2 mg/L are 
toxic to perch (Stizostedion 
vitreum) in 2 days. 
A highly toxic cumulative poison 
with both acute and chronic effects. 
Zinc and copper increase toxicity. 
Ingestion of 13 to 15 ppm in pop-
sicles was toxic to children. 
Maximum normal body burden is 
20-30 mg. Biological half life 
is estimated to be 16 to 33 years. 
May increase the incidence of 
concern and birth defects. Acute 
lethal concentration for fresh water 
fish is between 0.01 and 10 mg/L 
depending on the species. 
Reproduction of Daphnia magna is 
reduced by 5 llg/L. 
All chromium compounds are consid-
ered poisonous, but hexavalent forms 
are more hazardous than trivalent 
forms. Lethal concentrations for 
marine oysters are 10 to 12 llg/L. 
Chromium may bioaccumulate. Phyto-
plankton can accumulate 2,300 times 
the concentration in the water. 
Copper has a synergistic action with 
zinc, cadmium, and mercury. Water 
hardness (calcium and magnesium 
concentration) affect copper 
toxicity. The 96 hr LC50 for 
fathead minnow (Piephales promelas) 
is 50 llg/L for CuS04 in soft water 
and 1400 llg/L in hard water. 
Inhibits photosynthesis in giant 
kelp at 60 llg/L. 
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Domestic Warm water 
Supply* Wildlife* 
50 llg/L 
10 llg/L 4 llg/L 
50 llg/L 100 llg/L 
10 jJg/L 
Table 21. Continued. 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Zinc (Zn) 
Lead poisoning results in hemolysis 
of red blood cells, lesions of the 
kidneys, liver, male gonads, nervous 
system, and blood vessels. It is a 
cumulative pOison with a biological 
half life of 6 months. Exposure to 
lead may lead to increases in the 
incidence of abortion and still 
births. Lead is transferred across 
the human placenta. Reproduction 
impairment of Daphnia magna occurs 
at 30 ~g/L. 
Both acute and chronic toxic 
effects may result from human ex-
posure to mercury. Central ner-
vous system damage occurs after 
chronic exposure. The biological 
half life is 5 weeks. Biological 
magnification up to 27,000 times 
the water concentration has been 
reported. The mercury accumulated 
in organisms is generally methyl 
mercury. Fish eating birds and 
mammals (including man) are affect-
ed because of their position at the 
top of the food chain. Concentra-
tions over 3 ~g/L as HgS04) are 
toxic to salmon eggs. 
Nickel salts are reported to sub-
stantially affect the biological 
oxidation of sewage, and they may 
be toxic to algae. The 96 hr LC~O 
for stickel back is 260 mg/L Ni+ as 
nickel nitrate. 
Rainbow trout eggs in soft water 
containing 40 ~g/L Zn did not hatch. 
In hard water (200 mg/L as CaC03)' 
180 ~g/L of Zn reduced fertility of 
fathead minnow. The LC50 for fat-
head minnow is 870 ~g/L Zn in soft 
water. 
* Dissolved concentrations except as noted. 
+ Total Hg concentration. 
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In summary, the risk associated with heavy metals exposure may increase 
as lake levels fall, contaminated areas become more accessible, salinity 
decreases, and water contact activities increase. 
Organics 
A similar risk assessment approach for toxic organics in the sediments 
would include the same basic steps wi th particular emphasis on the 
biomagnification exposure routes since many of the organics of concern are 
not appreciably water soluble, but may tend to biomagnify in fish and fowl 
lipids and so expose man to higher levels upon ingestion. 
Information Needs 
The following information needs to be accumulated to evaluate human 
health risk: 
1. More detail ed dose-res ponse data for the 6 metals previously 
listed. This must be from dose-response curve data, not drinking water 
standards or other exposure 1 imi ts since these levels were presumably 
established based on some other exposure assessment si tuation wi th a 
different set of conditional probabilities. 
2. Probability of the initiating events, 1.e., what percent of the 
people utilizing the lake facilities might swim, water ski, fish, duck hunt, 
etc., and how long do they swim, how many fish do they catch, or ducks do 
they eat over what period of time. Assistance from wildlife resources 
personnel and state park personnel is needed in locating this information. 
3. Demographic data on the exposed population such as age, sex, 
general health level and other data affecting the dose-response phenomenon. 
4. Determine exposure levels of the metals in question not only in the 
sediments, but in the overlying water column either in water soluble form or 
as suspended sediments. Also, obtain solubility factors, biotransformation, 
and degradation or compartmentalization data on the heavy metals identified. 
Thermodynamic aqueous chemistry models could be used to examine metal water 
solubilities as the water chemistry changes with freshening. 
5. Biomagnification data - such as identifying potential food chains, 
biomagnification factors for involved species in the food chain, and likely 
total body burdens at the exposure level. Again assistance from Wildlife 
Resources personnel in identifying likely food webs, and species involved in 
these webs is required. Bioaccumulation data are available on several 
species in the literature. 
Based on an analysis of the data, a quantitative health risk assessment 
could be performed. The next step would be risk management. Is the risk 
unacceptably high? If so, what is the most efficient way to lower the risk 
to an acceptable level? Which factors affecting the risk are most subject to 
variation and so would be difficult to control? Which would be easily 
controlled? Should the initiating event be controlled or prohibited? For 
example, should the bag limits for game be altered based on the risk 
assessment? Should swimming be prohibited? These are the type of questions 
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that should be asked. Various interventions could then be tested to 
determine their effect on the health risk assessment. 
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CHAPTER 4 
SALINITY PREDICTIONS FOR THE EAST BAY IMPOUNDMENT 
The Hydro-Salinity Model 
A hydro-salini ty model was used to make predictions of East Bay 
impoundment salinity levels under designated operating criteria and two basic 
hydrologic scenarios (high lake and low lake) provided by Dr. Norman E. 
Stauffer, Jr. of the Utah Division of Water Resources. The model originally 
was developed for the Farmington Bay impoundment under an earlier study 
(Chadwick et al. 1983), and was later somewhat altered and adapted to the 
East Bay (Chadwick et ale 1986). The model utilizes a monthly time increment 
and is based on a mass balance of salt water which is of the form: 
I - 0 = f::::.S (1) 
in which 
I total inflow (water volume or salt mass) to the impoundment area 
per month. 
o total bay outflow (water volume or salt mass) from the 
impoundment area per month. 
f::::.S change in storage (water volume or salt mass) within the 
impoundment area per month. 
Inflows to the impoundment area are grouped into three main categories, 
namely, surface streams, precipitation, and groundwater. Outflows occur as 
evaporation from the impounded waters and discharges into the main lake. 
Rates of discharge to the main lake depend primarily on inflow rates and the 
selected range of impoundment elevation control. 
The model was calibrated by using either measured or estimated values of 
the parameters in the preceding mass balance equation. From October 1980 
through December 1982 an extensive data gathering program was conducted for 
Farmington Bay. Flow rate and quality measurements were made at regular 
intervals for the inflowing surface streams, and quality samples were taken 
at various locations within the bay. The Farmington Bay model was calibrated 
using data and estimated values for this period. Evaporation rates from the 
impoundment areas also were provided by the Utah Division of Water Resources. 
Hydrologic Operating Conditions 
1. Hydrologic scenarios (for the 30-year period 1980 to 2010) for both 
high and low lake conditions were provided by the Utah Division of Water 
65 
Resources. 
following: 
(a) 
(b) 
The monthly data provided for each scenario included the 
Gaged and ungaged flows for the Bear, Weber, and Jordan Rivers 
and the Surplus Canal. These flows are shown for the high and 
low lake scenarios in Figures 27 and 28. It is noted that 
these scenarios are identical for the first 7 years of the 
re.cord. All water carried by the Jordan River at 2100 South in 
Salt Lake City is assumed to enter the main body of Great Salt 
Lake through the Surplus Canal and Gogin Drain except a flow of 
up to 500 cfs which is required· for the lower Jordan Ri ver 
water users. 
Net evaporation quantities for the East Bay impoundment (Table 
22). Evaporation estimates reflect estimates of surface 
salinity concentration in the evaporating waters. 
2. Water levels within the impounded area are regulated by a pumping 
station. For this study, pumps are assumed to operate during periods when 
water levels are equal to or exceed an elevation of 4204 feet amsl. A time 
increment of a month is used in the model. Thus, pumps are assumed to operate 
for periods of no less than one month. Investigations were conducted for two 
nominal pumping rates, namely, 6,000 and 8,000 cfs. 
3. Salt concentration (TDS) in the surface and groundwater inflows to 
the East Bay were estimated by relationships descri bed by Chadwick et al. 
(1986). Salt outflows from the impoundment occur as a result of pumping. 
4. For this study the initial conditions for both water level and 
salini ty of the East Bay impoundment were taken as being estimates of those 
which existed at the beginning of the simulation period (October 1981). The 
initial water level for the Bay was taken from United States Geological Survey 
(USGS) records as being 4199.1 feet amsl, and the initial average salinity of 
the Bay was estimated from various sample observations as being approximately 
200,000 mg!l (TDS). 
Resul ts 
Water surface elevations and salinity concentrations in the East Bay 
impoundment for the high and low lake scenarios as simulated by the model for 
the 1981 to 2010 period are contained in Table 23 and are plotted in Figures 
29 and 30. Both the water surface levels and the salinity estimates shown by 
the table and the two figures represent the maximum monthly values achieved 
for each year. As might be expected, these two annual maximum values do not 
occur during the same month. The maximum water levels normally occur in early 
summer (Mayor June) and the maximum salinity concentrations usually occur 
sometime during the fall months. 
Figure 29 shows the effects of stream inflow scenario (high and low) and 
pumping rate on the water levels within the East Bay impoundment. For the two 
lake scenarios and a pumping rate of 8,000 cfs (Figure 29A), water levels only 
once exceed the design upper limit of 4208 feet amsl. This occurred in 1986. 
For the 6,000 cfs pumping rate, the 4208 feet elevation is exceeded during a 
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Figure 27. Monthly gaged and ungaged inflow to the East Bay for a 30 year pfriod under the high 
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Table 22. Net evaporation in acre-feet at various elevations for East Bay. 
Elevation October November December January February March April May June July August September 
4200. 22560 • 1880. o. o. o. 1880. 16920. 56400. 1031100. 150400. 129120. 80840. 
4201. 24720. 2060. o. o. o. 2060. 18540. 61800. 113300. 164800. 142140. 88580. 
4202. 26160. 2180. O. O. o. 2180. 19620. 65400. 119900. 111Jl100. 150420. 93140. 
4203. 28080. 2340. o. O. O. 2340. 21060. 10200. 128100. 181200. 161460. 100620. 
4204. 29400. 2450. O. o. O. 2450. 22050. 13500. 134150. 196000. 169050. 105350. 
4205. 30600. 2550. o. O. O. 2550. 22950. 16500. 140250. 204000. 115950. 109650. 
4206. 33600. 2800. o. o. o. 2800. 25200. 84000. 154000. 224000. 193200. 120400. 
4207. 36600. 3050. o. O. O. 3050. 21450. 91500. 161750. 244000. 210450. 1311 50. 
4208. 39360. 3280. o. o. o. 3280. 29520. 98400. 180430. 262400. 226320. 141040. 
0'> 4209. 46440. 3870. O. o. o. 3870. 34830. 116100. 212850. 309600. 267030. 166410. 
\.0 4210. 48000. 4000. o. O. O. 4000. 36000. 120000. 220000. 320000. 261030. 172000. 
4211 . 48960. 4080. o. o. o. 4080. 36120. 122400. 224400. 326400. 281520. 115440. 
4212. 50160. 4180. o. o. O. 4180. 37620. 125400. 229900. 334400. 288420. 119140. 
4214. 52440. 4370. O. O. O. 4310. 39330.131100. 240350. 349600. 301530. 181910. 
4216. 55440. 4620. o. O. O. 4620. 41580. 138600. 254100. 369600. 318180. 198660. 
4218. 58920. 4910. O. O. O. 4910. 44190. 141300. 270050. 392800. 338790. 211130. 
4220. 63600. 5300. o. o. o. 5300. 47700. 159000. 191500. 424000. 365100~ 221900. 
"-I 
o 
Table 23. East Bay maximum elevations and salinities for 30 years of operation with the high and low lake 
scenarios and 6,000 or 8,000 cfs pumps. 
6 000 cfs Pumps 
Water Operating Low Lake Scenario High Lake 
Year Year Max. E1ev.* Max. Salin.t Max. Elev.* 
1981 1 4204 200000 4204 
1982 2 4205.2 80513 4205.2 
1983 3 4207.6 22368 4207.6 
1984 4 4210.1 3178 4210.1 
1985 5 4208.7 734 4208.7 
1986 6 4209.1 640 4209.1 
1987 7 4208.2 518 4208.2 
1988 8 4205.4 558 4205.6 
1989 9 4205.8 592 4205.9 
1990 10 4207.6 629 4206.3 
1991 11 4204.9 574 4204.9 
1992 12 4204.3 908 4207.5 
1993 13 4204.1 1054 4205.4 
1994 14 4204.9 1226 4205.8 
1995 15 4205.2 1094 4205.8 
1996 16 4205.3 912 4205.8 
1997 17 4204.2 1108 4205.6 
1998 1G 4204.7 1296 4206.7 
1999 19 4203.3 1804 4207.4 
2000 20 4205 1948 4207.3 
2001 21 4204.1 1587 4204.7 
2002 22 4204.9 1652 4204.7 
2003 23 4204.8 1267 4204.5 
2004 24 4204.4 1078 4204.3 
2005 25 4204.9 1058 4204.6 
2006 26 4204.6 1019 4205.3 
2007 27 4205.4 926 4204.9 
2008 28 4204.5 843 4204.3 
2009 29 4204.9 870 4204.7 
2010 30 4205.4 624 4203.2 
*Maximum elevation in feet above mean sea level. 
tMaximum salinity in mg TDS/L. 
8,000 cfs Pumps 
Scenario Low Lake Scenario Hiqh Lake Scenario 
Max. Salin. t Max. Elev.* Max. Salin.t Max. Elev.* Max. Salin.t 
200000 4204 200000 4204 200000 
80513 4205.2 74894 4205.2 74894 
22368 4205.9 15716 4205.9 15716 
3178 4207.8 1165 4207.8 1165 
734 4206 460 4206 460 
640 4208.6 572 4208.6 572 
518 4205.4 420 4205.4 420 
568 4205.9 607 4204.4 611 
520 4205.1 582 4205.4 581 
526 4206.2 655 4205.4 538 
628 4204.7 582 4204.8 662 
545 4204.3 816 4206.9 603 
467 4204.1 1178 4204.6 472 
567 4204.6 1078 4205.5 589 
542 4204.4 1017 4205.4 558 
597 4205.1 971 4205.9 627 
578 4204.3 1016 4204.7 595 
607 4204.1 1230 4207.3 593 
501 4202.9 1719 4207.1 549 
501 4204.8 1865 4206.7 455 
532 4204.3 1607 4205 558 
653 4204.4 1522 4204.4 700 
700 4204.4 1249 4204.2 856 
1156 4204.7 988 4204.3 1106 
1244 4204.4 1072 4204.2 1142 
1098 4204.5 897 4204.6 1047 
926 4205.4 909 4204.6 865 
1104 4204.3 815 4204.1 1023 
1328 4204.6 828 4204.4 1237 
1821 4205.6 588 4203.2 1725 
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Figure 29. Predicted East Bay Reservoir elevations under the high lake 
and low lake scenarios using 8,000 (A) or 6,000 (B) cfs pump. 
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low lake scenarios using 8~000 (A) or 6,000 (B) cfs pumps. 
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four year period early in the life of the project (198~ through 1987) (Figure 
298) • On the basis of these results, if 4208 feet amsl is a criti cal water 
surface elevation, a pumping capacity of 8,000 cfs is recommended. 
With respect to the salinity plots shown by Figure 30, at a pumping rate 
of 8,000 cfs (Figure 30A), salinities fall rapidly to about 500 to 600 mg/L 
and remain approximately wi thin that range for about 17 years under the 
influence of the persistent high inflows of the high lake scenario. When 
streamflows and precipitation drop to somewhat "normal" levels in the year 
2002 in this scenario, salinities rise to about 1200 mg/L, which is consistent 
with the results obtained by Chadwick et al. (1986). For the 8,000 cfs 
pumping capacity, average salinities under the low lake scenarios considerably 
exceed those of the high lake scenario for a 12 year period (1992 to 2003), 
with the salinity in 2000 exceeding 1800 mg/L. For the 6,000 cfs pumping rate 
salinity values and trends are similar to those of the 8,000 cfs pumping rate 
(compare Figures 30A and 8). 
As previously indicated, Figures 29 and 30 are based on data in Table 23. 
Computer printout data for the simulation period showing monthly water surface 
elevations, monthly salinity, and normalized annual areal phosphorus loadings 
are included in Appendix G. 
The results of this simulation indicate that the projected salinity of 
the proposed East Bay Reservoir may be low enough to meet the qual i ty 
requirements for recreational, agri cultural, industri al, and municipal uses 
during periods of relati vely high inflow. However, as salinity increases 
during periods of low inflow, and exceeds 1000 mg TDS/L, the quality of the 
water will become marginal for irrigation, some industrial uses, and municipal 
supply. High salinity drinking waters often have objectionable tastes and 
have laxative effects, especi ally for travelers. Utah I s standar ds for 
salini ty in drinking water supply allow the use of water exceeding 1000 mg 
TDS/L only upon specific approval of the Utah Safe Drinking Water Committee 
(Utah Department of Health 1986). Blending water from the proposed reservoir 
wi th other lower salinity water, or costly desalination may be required to 
provide water with a salinity acceptable for municipal water supply. 
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CHAPTER 5 
EUTROPHICATION POTENTIAL 
Alg~l Production in the Existing East Bay Area 
The limnology of the existing East Bay area was studied in the late 
summer and fall of 1986 to improve the level of understanding of the nutrient 
chemistry, the algal flora, and primary production there. Al though the 
hydrology and water chemistry of the proposed impoundments will change from 
eXisting conditions, the response of the algal population to nutrient loading 
in the proposed system may be of the same order of magnitude as the existing 
system. This seems reasonable since the proposed system is expected to have a 
long hydraulic residence time (4 to 22 years with 8,000 cfs pumps; Appendix 
G), it will receive approximately the same nutrient load from rivers and 
streams, and the shallow morphometry of the impoundments will be simi lar to 
the existing system. 
The algal flora of the East Bay area were examined as a part of the 
study. This was the fi rst detailed study of the algal flora of Great Salt 
Lake in nearly a decade. It also represents one of only two or three attempts 
in the entire history of lake studies to determine the nature of the flora in 
a quantitative manner. 
Biologically, the Great Salt Lake is very interesting. It is divided 
into a northern arm, a southern arm, and Farmington Bay, all wi th rather 
unique ecological conditions. During the past 20 years or so, the salinity of 
these waters has changed rapidly, and the lake biota, and particularly the 
algal flora, has tracked these changes (Rushforth and Felix 1982). This has 
also been the case during the past three or four years wi th the ever 
freshening of the waters of the north and south arms of the lake. The 
proposed diking of the east part of the lake will cause a further freshening 
of the entrapped waters, and the algal flora will continue to change as this 
occurs. 
The first quantitative studies of the algal flora of the Great Salt Lake 
were insti gated by Stephens and Gillespi e in 1971 (Stephens and Gillespie 
1972, 1976). These authors studied the flora of the lake with particular 
reference to production rate and limi ting factors for algal growth. At the 
time of their study, the green alga Dunaliella species (probably Dunaliella 
viridis Teodoresco but perhaps with an admixture of Dunaliella salina 
Teodoresco) predominated in the south arm. 
The predominance of species of Dunaliella has apparently been the case 
for a number of years, although the evidence for this is circumstantial. In 
the north arm, Dunaliella salina was reported by Post (1977) and Felix and 
Rushforth (1979) to predominate. and to reach numbers as high as 5.5 x 10 5 
cells per liter. In the south arm, Felix and Rushforth confirmed the reports 
of Stephens and Gillespie by reporting that the surface ice of Farmington Bay 
was colored green by Dunaliella viridis during the winter of 1976. When the 
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density of this organism was estimated to be in excess of 1 x 107 cells per 
liter (Felix and Rushforth 1979). 
The cyanophyte (blue-green alga) Nodularia spumigena Mertens is 
apparently a r.elati vely recent introduction into the flora of the Great Salt 
Lake. It was first observed roughly 15 years ago in very low numbers in 
Farmington Bay. At that time, the salinity of the bay was high enough to 
limi t the growth of Nodularia. This is also supported in a circumstantial 
manner since Stephens and Gillespie did not report Nodularia from the lake 
during their studies (Stephens and Gillespie 1972, 1976). Even though these 
workers were studying the lake in the south arm rather than in Farmington Bay, 
filaments of Nodularia spumigena were routinely found in significant numbers 
in the south arm just a few years after the studies of Stephens and Gillespie. 
By 1975, Nodularia was the predominant phytoplankter in Farmington Bay with 
concentrations of filaments reaching more than a million per liter (Felix and 
Rushforth 1979). 
Water sampling 
To study the limnology of the current East Bay, 34 sampling stations were 
established along three transects as illustrated in Figure 31. Since a large 
portion of the nutri ents entering the Bay were expected to enter through the 
Jordan River, the Salt Lake City Sewage Canal, and wastewater treatment plants 
discharging into Farmington Bay, sampling was intensified in that area. All 
34 stations were sampled July 25, 1986, but on subsequent sampling dates only 
selected stations were sampled. Samples were also collected from Willard 
Reservoir and Goshen Bay of Utah Lake for comparative purposes, since these 
systems have morphometry similar to the proposed impoundments. 
Only surface water samples were collected since no evidence of either 
thermal or salini ty stratification was found in the bay during previous 
studies. Complete mixing of the 4 to 5 m water column likely occurs with each 
major wind event. Samples were collected by hand at a depth of 3 to 30 cm in 
polyethylene bottles that had been scrubbed in NaHC03' 6N HCl rinsed, and 
rinsed five times with double deionized water. 
Water samples were analyzed for salinity and nutrients (N03 + N02-N, 
NH4-N, P04-P, total phosophorus, and in one set of samples, total nitrogen). 
Phytoplankton (algae) were identif ied and counted, and the concentration of 
chlorophyll ~ was measured as an index of algal biomass. 
Field measurements 
Field measurements of water temperature, dissolved oxygen (DO), pH, and 
oxidation/reduction potential (ORP) were made at 1 m intervals through the 
water column using a Hydrolab (Hydrolab, Inc., Austin, TX) Model 8000 
instrument. Light extinction through the water column was measured using a 
photometer. 
Algal community structure and density 
Temperature profiles. East Bay water quality field measurement results 
are tabulated in Appendix o. No evidence of thermal stratification of the 
water column at any sampling site was observed in the summer or fall of 1986. 
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Figure 31. Approximate locations of limnology sampling stations in the 
East Bay. 
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water column at any sampling site was observed in the summer or fall of 1986. 
Water temperatures varied by less than 5°C from surface to bottom on all 
sampling dates. The lack of thermally induced density gradients implies that 
the water column may be mixed by wind action at any time. 
Dissolved oxygen distribution. Concentrations of dissolved oxygen were 
consistently at or above saturation levels through most of the water column 
at all sites. On oc.casion, oxygen concentration less than 1 m above the 
sediments was found to be below saturation. At sites where this was 
observed, oxidation/reduction potential was also lower. No station 
consistently showed evidence of oxygen depletion near the sediments. 
Light penetration. The water column of the East Bay was very 
translucent. Approximately 50 percent of the light intensity measured at the 
surface was measured near the sediments at most sites. Little change in the 
light extinction was observed between sampling dates. This means that light 
energy, probably sufficient for algal photosynthesis, is available throughout 
the water column in the East Bay. For comparison, light is highly 
extinguished by particles of precipitated calcium carbonate in Utah Lake 
water, with only 1 to 2 percent of the incident light penetrating below 2 m 
depth. As a result, the total algal production in the East Bay would be 
ex)ected to exceed that of Utah Lake. 
Nutrient concentrations. East Bay total dissolved solids and nutrient 
measurement results are tabulated in Appendix E. Total phosphorus 
concentrations in surface samples exceeded ~6 ~g/l in all samples, and were 
in excess of 100 ~g/l at four sites in Farmington Bay in the August 7, 1986, 
samples. This is in contrast to total phosphorus concentrations of 31 to ~2 
~g/l in Goshen Bay samples taken August 26, 1986 (Appendix E). Total 
phosphorus concentrations in Willard Reservoir were as high as 77 ~g/l on May 
30, 1986, and as low as 38 ~g/l on August 5, 1986. The high total phosphorus 
concentrations measured in the East Bay are consistent with the high 
productivity and high phosphorus loading of this system (see below). 
Concentrations of mineral nitrogen (NH~-N and N03+N02-N) were low and 
comparable to concentrations observed in Goshen Bay and Willard Reservoir. 
Total nitrogen measured in 1~ samples collected October 23, 1986, averaged 
1.57 (+ 0.06) mg/l. The variability in total nitrogen was surprisingly low 
considering that the 000-222 transect covers a distance of nearly 30 miles. 
The total nitrogen:total phosphorus ratio in these samples was approximately. 
20:1, indicating that combined nitrogen was in adequate supply for algal and 
plant growth, assuming that all of the total nitrogen can be readily cycled 
through the biota. 
Algae in the East Bay. The nondiatom flora of the East Bay during the 
summer and fall months of 1986 was dominated in biomass by filamentous 
Cyanophyta (bluegreen algae). The predominant taxa was Nodularia spumigena 
Mertens. This alga has been reported from freshwater lakes with very hard 
water often growing on the surface of aquatic plants. Under these 
conditions, this organism generally does not achieve prominence. However, N. 
spumigena is more often reported as occurring under mesohalobous conditions, 
occurring in waters of salinity up to about 3% (Martens and Pankow 1972). It 
is also generally reported to be mesosaprobic, i.e., occur wi th organic 
decomposi tion and oxidatiop products present (Pankow and Martens 1973) t and 
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developing maximum growth dUl"ing the summer and fall (Arndt et al. 1966). 
This alga can create serious odor problems when present in large numbers. It 
is almost certain that this alga is the source of the late summer odor 
problems in the Salt Lake City area during the past several years. 
The other algae present in significant numbers are also common 
inhabitants of moderately saline waters. The diatom Chaetoceros muelleri has 
been collected from many saline lakes throughout western North America. It 
flourishes across a rather large salinity gradient. It is common in the 
Goshen Bay of Utah Lake for example. 
The diatom Nitzschia closterium (Ehr.) W. Smith (reported in this study 
as Nitzschia acicularis W. Smith) is often reported to be a marine diatom 
(Cholnocky 1965), although it can occur in significant numbers at somewhat 
lower and higher salinities as well. The response of this organism to 
nutri ents is not well known. although the closely related (and often 
confused) N. acicularis generally occurs in water of low quality (Cholnocky 
1968, Fjerdlngstadt 1950). 
Chlorophyll concentrations of the East Bay. Algae count and chlorophyll 
a data are tabulated in Appendix C. Figures 32, 33, and 34 show chlorophyll 
a concentrations in samples taken on five dates along the 000-106, 000-305, 
and 000-222 transects (Figure 31) I respecti vely. On August 7, the 
chlorophyll a concentrations at 000 were over 150 llg/l. Along the 000-106 
transect (Figure 32), concentrations decreased away from the origin si te, 
reached concentrations below 25 J,lg/l at site 102, and remained at these 
relati vely low concentrations for the remainder of the transect. On 
subsequent sampling dates, chlorophyll a concentrations were lower at site 
000, and concentrations tended to decrease along the length of this transect. 
Chlorophyll concentrations along the 000-222 transect (Figure 33) also 
tended to decrease away from site 000. Considerable variation in chlorophyll 
a concentration between sites was observed. Differences in chlorophyll a 
concentrations between sampling dates at any site are probably not meaningful 
except for the apparently lower concentrations at sites 202 through 213 on 
August 7. As with the 000-106 transect, this indicates that algal biomass 
was the lowest observed on this date at these sites. Figure 35 shows the 
total counts of algae that correspond to the chlorophyll data shown in Figure 
33 for three dates. The apparent lack of correlation between these data 
probably arises from differences in chlorophyll a content among the various 
algae cells. Large numbers of small cells (e.g:, Chaetoseros muelleri) or 
cells with little chlorophyll, wO'uld increase counts wi th only small 
increases in chlorophyll. 
Relative to site 000, low concentrations of chlorophyll a were observed 
at stations 304 and 305 on August 7 (Figure 34), but generally~ chlorophyll a 
concentrations along the 000-305 transect did not show directional trends~ 
Chlorophyll ~ concentrations were frequently higher along this transect than 
either of the other two transects. 
Since nutrient data for samples along the 000-305 transect do not 
reflect nutrient enrichment in this area (Appendix E), the apparently high 
producti vi ty may be the res ul t of higher bioavailabili ty of nutrients. 
Possibly, bioavailable nutrients entering the Bay from wastewater treatment 
plants and urban nonpoint sources through the Jordan River I the Salt Lake 
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City Sewage Canal, and Bare Creek (Central Davis WWTP effluent) contribute to 
the higher productivity observed. 
By way of comparison with Willard Reservoir and Goshen Bay, the existing 
East Bay's algal productivity is similar during the summer and early fall 
months. The East Bay, however, continues its high productivity late into the 
fall colder water conditions. The most southern portion of the East Bay can 
be much more productive than either of these two water bodies. 
Algal biovolume. Figures 36 through 39 illustrate the volume of algal 
cells (biovolume) in samples taken from si tes 000 t 207, 213, and 217 during 
the study. Day 0 is July 25 and day 150 is December 22, 1986. At all four 
sites Nodularia was dominant throughout the sampling periods, but interesting 
successional changes among the less voluminous (subdominant) algae were 
observed. At site 000 (Figure 34) succession in prominence among the 
subdominant algae progressed from Thalassiosira on day 13 (August 7) to 
Chaetocerous to Oscillatoria to Nitzschia, and finally to Oocystis on day 90 
(October 23). 
At si te 207 (Figure 37) t Chaetocerous was most prominant among the 
subdominant algae on day 27 (August 21). This organism was also prominent on 
this date at sites 000 (Figure 36), 213 (Figure 38), and 217 (Figure 39). By 
day 60 (September 23) Oocystis had become prominant among the subdominant 
algae at site 207 and apparently remained so through day 150 (December 22). 
Osclllatoria had become the most prominent subdominant alga by day 41 
(September 4) at site 213 (Figure 38). The Chaetocerous population was also 
at a maximum on this date. Oocystis biovolume was higher than any other 
subdominant alga by day 60 (September 23) t and apparently continued to 
increase through day 90 (October 23). It is interesting that the increase in 
Oocystis biovolume parallels the increase in Nodularia at site 213 after day 
41. Populations of Nitzschia also increased during this period. 
At si te 217 (Figure 39), the Chaetocerous biovolume was the largest 
among the subdominant algae through day 41 (September 4). By day 90 (October 
23), Chaetocerous biovolume was still important, but was exceeded by both 
Osc1l1atoria and Oocystis, with Oocystis being the most prominent. As at 
site 213 (Figure 38), the increase in Oocystia corresponds to an increase in 
the Nodularia population. 
The driving factors behind the successional patterns in algal biovolume 
in the East Bay are not clear. Temperature changes, light intensi ty, 
shading by suspended matter, inorganic and organic nutrient concentrations, 
grazing by zooplankton and the interactions of these factors may have had 
major influence. The changes in the algal community structure at site 000 
were considerably more complex than at the sites further north along the 000-
222 transect. Nutrient influences from wastewater sources may be important 
in influencing this pattern. 
Anticipated Changes in Algal Community Structure 
Factors effecting algal community structure 
As the waters of the proposed reservoir freshen, algae able to compete 
effectively under fresh water conditions would be expected to replace those 
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in samples from site 000 during the later summer and early 
fall of 1986. 
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in samples from site 217 during the later summer and early 
fall of 1986. 
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currently dominating the algal community of the east bays. Decreased osmotic 
pressure of the water and changes in ion activity as a result of decreased 
ionic strength of the chemical environment will be powerful forces effecting 
the ecology of the reservoir water. The availability of nutrients including 
carbon, nitrogen, phosphorus, silica, inorganic micronutrients, vitamins, 
amino acids t and other preformed organic materials will also have a major 
effect on the algae community structure (Keating 1976). Light energy (i. e. 
depth of light penetration into the water column), pH, and water temperature 
are other physical/chemical factors that effect algal succession. Grazing 
intensi ty and selection by protozoans and metazoans can both limit the 
density of the algal population and effect its composition. The effects of 
the interactions among all of these factors may be equally as important or 
more important than each of the factors acting individually (Sommer 1985). 
This multiplicity of influencing factors makes prediction of the kinds of 
algae that are likely to dominate in any reservoir very difficult. However, 
the species of algae growing in a lake or reservoir are known to greatly 
effect the quality of water, and information on the kinds of algae likely to 
develop in a reservoir can be helpful in planning decisions. 
Recreational use of a lake or reservoir can be affected by the 
appearance, odor, skin irritation, or toxicity of the algae (Mackenthun et 
al. 1964). Acceptability of reservoir water for municipal and industrial 
supply is affected by the taste, odor, and treatment interference problems 
associated with various algae. In general, the blue-green algae (cyanophyta) 
are most objectionable due to their production of taste and odor in the water 
(Viessman and Hammer 1985). It is not uncommon for different species of 
algae to be prominent in lakes and reservoirs in different years. It has 
been noted, for example, that the dominant summer bloom alga in utah Lake may 
be Aphani zomenon flos-aquae one year and Anabaena spiroides var. crassa 
another. Apparently, warm spring-time weather precedes a bloom of Anabaena 
spiroides, while cooler spring weather precedes a bloom of Aphanizomenon 
flos-aquae (S. R. Rushforth, Brigham young University, unpublished data). 
Algal populations in samples collected from Goshen Bay of Utah Lake on August 
26, 1986, as part of this study, were dominated by Microcystis aeruginosa 
wi th Anabaena spiroides second in abundance. Aphanizomenon, Anabaena, and 
Microcystis are all blue-green algae. 
Microcosm experiment 
Microcosm description. To gain some insight into which algae might 
develop in the fresh waters of the proposed reservoir, a microcosm experiment 
was conducted. The microcosm apparatus was the same as used by Dickson et 
al. (1982) without manometric equipment (Figure 40). Only two of twelve 
microcosms contained sediment as shown in Figure 40. The microcosms were 
constructed of 6 in diameter beaded-process pyrex glass pipe. The top was 
closed with a shallow end cover, and the bottom was closed with a deep cap. 
In microcosms with sediment, the sediment was placed in the deep cap. In 
microcosms without sediment, the liquid medium was mixed by placing the 
stirring bar and water (or air) driven magnetic mixer at the bottom of the 
microcosm. Light for all of the microcosms was provided by six, 8 ft long 
Duro-Test Optima 50 fluorescent lamps positioned horizontally 40 cm above the 
top of the microcosms. More than 400 lumens of light intensity was measured 
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at mid-height surrounding all of the microcosms. Light was provided on a 
diurnal cycle of 16 hours of light and 8 hours of darkness. The microcosms 
were incubated in a constant temperature room at 2,5 :::. 2°C. 
The aqueous media for the microcosms were formulated to simulate the 
pl"incipal cation, anion, and nutrient chemistry anticipated for the water of' 
East Bay Reservoir at salinities of 0.5, 0.2, and 0.1 percent (Table 24). 
This chemistry was estimated by calculating the composition of water that 
would result from dilution of existing east bay water with Bear River water. 
In addition, microcosms with medium formulated to simulate existing east bay 
water (5.1 percent salinity), and others with continuously decreasing 
salinity were operated (Table 24). Duplicate microcosms of each type were 
set up. 
Microcosms wi th 0.2 percent salinity were set up with and without 
sediment. Surface sediment was collected from limnology sampling station 207 
(Figure 31) on December 22, 1986 using an Eckman grab (dredge). Sediment was 
stored at 5 + 2°C until January 7, 1987 when it was mixed and placed in the 
microcosms. 
Microcosm operation. The media were added to all of the microcosms on 
January 7, 1987, and each of the mi crocosms were inoculated wi th 0.5 g of 
site 207 sediment suspended in 10 ml of deionized water, and with 10 mL of 
water from the following sources: Jordan River at Cudahy Lane, Great Salt 
Lake at Syracuse causeway, Bear River near Corinne, and Willard Reservoir. 
Microcosms without sediment contained 13 li ters of medium, and those with 
sediment contained 10 liters of medium. The next day, the first samples of 
the microcosms were taken, and operation began. 
Each day 1300 mL of medium of the appropriate salinity was added to the 
microcosms wi thout sediment while, simultaneously, an equal volume of 
mi crocosm water was removed. In mi crocosms wi th sediment, 1000 mL of 0.2 
percent salinity medium was exchanged daily. To minimize mixing of the fresh 
medium with the microcosm contents during the medium exchange, the fresh 
medium was cooled to 5 C to increase its density. The mixers were turned 
off, cold medium was siphoned into the microcosm through the bottom port 
while allowing microcosm water to flow out of the top port. Previous studies 
have shown that no fresh medium is drawn out of the microcosm using this 
procedure (Porcella et ale 1975). 
Each day the electri cal conduct i vi ty of the decreasi ng salinity 
microcosm water was measured and recorded as a check against the antiCipated 
rate of salinity decrease. Starting January 8, 1987 (day 0), and every 
tenth day thereafter, water withdrawn from all of the microcosms was 
analyzed for pH, NH3-N, N03+N02-N, P04-P, total-P, and total-No Total 
dissolved solids (TDS) were also determined on the decreasing salinity 
microcosm water every tenth day. On day 0, 30, and 50, analysis for Ca, Mg, 
Na, K, alkalinity, Cl, S04, and TDS were also performed. On day 11, 20, 31, 
40, 50, and 60 algae in the microcosm water were identified and counted. 
Chlorophyll a was determined on days 20, 50, and 60. 
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Table 24. Microcosm media chemical composition. 
Salinity Total Dissolved N03-N P04-i? Na K Ca Mg Cl S04 Alkalinity 
Medium % Solids (mq/L) t(mq/L) (Uq/L) (mq/L) (mq/L) (mq/L) :(mg/L) (mg/L) (mq/L) I(mq CaC03/L) pH 
East Bay 5.1 50,950 1.5 100 16,489 1,105 137 1,372 27,999 3,310 538 9.00 
Dilut. 1 0.5 5,061 1.5 100 1,513 104 64 150 2,610 337 283 8.60 
Dilut. 2 0.2 2,078 1.5 100 537 38 59 71 965 142 266 8.30 
Dilut. 3 0.1 1,087 1.5 100 210 17 58 44 420 78 260 8.00 
Bear R. * 0.06 583 1.5 100 74 8 57 33 103 50 258 8.00 
*Average 1984 water year, Bear River at Corinne data (ReMillard 1986). This medium was used for 
daily exchange in "decreasing salinity" microcosms. 
Changes in the microcosm algal community 
The results of chemical analyses of microcosm water are tabulated in 
Appendix H. Figures 41 through 46 show the dynamics of nitrogen, phosphorus, 
pH, and TDS in the microcosms. With the exceptions of the 0.5 percent 
salinity and 0.2 percent salinity with sediment microcosms, total nitrogen 
tended to decrease over the 60 days of the experiment. This probably 
reflects the immobilization of nitrogen into biomass attached to the walls 
and settled to the bottom of the microcosms. Total nitrogen in the 0.2 
percent salinity with sediment microcosm was approximately level after day 
20, probably reflecting the release of nitrogen from the sediment. After day 
20, the total nitrogen in the 0.5 percent salinity microcosms increased. 
This may reflect nitrogen inputs from biological nitrogen fixation. Nitrogen 
fixation activity was not measured in any of the samples. Ammonium nitrogen 
was generally below 15 ~g/L in all of the microcosms except the 0.2 percent 
salini ty wi th sediment microcosm. Higher concentrations of NHrN were 
probably contributed by the sediment in this microcosm. Nitrate and nitrite 
n1 trogen decreased to detection limits or below within 30 days in all 
. microcosms except the 0.5 percent microcosm. The source of the N03+N02-N may 
again be due to biological nitrogen fixation in this microcosm. 
Total phosphorus tended to decrease in all of the microcosms except the 
0.5 percent and 0.2 percent salinity with sediment microcosms. The increase 
in total phosphorus in these microcosms after day 20 and day 10, 
respectively, is similar to the increase in total nitrogen, and may reflect 
the increasing biomass in the samples. Orthophosphorus was quickly 
immobilized in all of the microcosms, reflecting the biological production in 
the mi crocosms. 
Apparently, algal photosynthetic consumption of C02 raised the pH in all 
of the microcosms. In some microcosms the pH exceeded 10. Precipitation of 
calcium and magnesium wi th carbonate and phosphate would likely occur at 
these high pHs. The decreases in salinity (TDS) in most of the microcosms may 
be the result of this precipitation. The increase in salinity in the 0.2 
percent salinity with sediment microcosm was probably released from the 
sediment. The decrease in salinity in the decreasing salinity microcosm was 
approximately as expected, falling from about 5.1 percent (51,000 mg/L) on 
day 0 to an average of 500 mg/L on day 60. 
Chlorophyll a concentrations in microcosm water withdrawn on days 20, 
50, and 60 are shown in Figure 47. In general, the algal production in the 
microcosms was more variable than suggested by this figure. At times one 
duplicate microcosm would appear dark green, while the second would be nearly 
clear. Nutrient concentrations (N and P) were seldom very different in the 
microcosms, and it seems unlikely that nutrient influences would account for 
the differences in algal production. Populations of grazing zooplankton were 
quite dense in some microcosms, while little or no zooplankton developed in 
others. Differences in grazing pressure may have been a major factor in the 
differences in algal density. For example, three separate hatches of brine 
shrimp developed to maturity in one duplicate of the 5.1 percent salinity 
microcosm while only one hatch was noted in the other. 
Brine shrimp density reached approximately 10/L, but decreased to 
apprOXimately 1/L in the 5.1 percent microcosms by the time the animals had 
matured and produced eggs. Brine shrimp hatched in the changing salinity 
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microcosms, but were not alive after day 30. Brine shrimp also hatched in 
the 0.2 percent salinity microcosms with sediment, but did not survive more 
than 20 days. By day 18, a population of rotifers (tentatively identified as 
Brachionus sp.) mixed with a few copepods had developed in the 0.2 percent 
salinity with sediment microcosms. Large numbers of rotlfers were observed 
in this microcosm on day 50. Paramecium sp. and rotifers were observed on 
day 20, and Paramecium was observed on day 40 in the changing salinity 
microcosms. 
Population densities of various algae in samples from the number 1 
duplicate microcosm are tabulated in Appendix I. The species or groups of 
algae identified are listed in Table 25. Figures 48 through 53 show the 
biomass volume (biovolume) estimated from these counts using the average cell 
or trichome volume of the organisms which made up a significant part of the 
biomass. Some changes in population density of the various organisms may 
ha ve occurred dur ing shipment of the samples. Time from collection to 
counting was generally less than 30 hours, but the samples collected on day 
60 spent 3 days in transit due to an error by the carrier. The results of 
the algal counts for these samples were probably not accurate, and, 
therefore, the calculated blovolume for these samples is not shown. 
The Algal biovolume in the 5.1 percent salinity microcosm was relatively 
low throughout the experiment (Figure 48). The highest biovolume was 
observed on day 50, and was dominated by Nodularia spumigena, the same 
organism that dominated the biovolume in samples collected from the eastern 
bays in the summer and fall of 1986. 
In the changing salini ty microcosm, Nitzschia dominated the algal 
community on day 11, but by day 20 the algal biovolume was essentially nil. 
Biovolume remained low throughout the experiment, suggesting that the algae 
were not able to adapt to the rapidly changing salini ty. The rate of 
salini ty decrease in this microcosm far exceeds that anticipated for the 
proposed reservoir, and the effects of changing salinity on the kinds of 
algae that may be produced in the reservoir remain unknown. 
Anabaena spiroides val". crassa dominated the algal community of the 0.5 
percent. 0.2 percent (with and without sediment), and the 0.1 percent 
salinity microcosms after day 30. Since nutrient concentrations and pH were 
relati vely unsteady during the first 10 to 30 days of microcosm operation 
(Figures 41-46), the algal community which developed after this period may be 
more indicative of the community that will develop in the proposed reservoir. 
The production of Anabaena in these lower salinity microcosms is consistent 
with observations from Utah Lake (Rushforth et al. 1981), which has a similar 
ecology to that expected of the proposed reservoir. Blooms of Aphanizomenon 
are also common to Utah Lake and Willard Reservoir. Both of these blue-green 
algae are considered to be nuisance organisms, and are often associated with 
taste and odor problems in water (APHA 1986). 
Odor intensi ty in the microcosm water was evaluated on day 8, day 35. 
and day 68. Methods used were generally the same as described by Israelsen 
et al. (1985). A panel of odor judges was used to determine odor thresholds 
(APHA 1986). Nine to twelve panelists were selected from among Utah Water 
Research Laboratory personneL Panelists senstti vity to odors was not 
evaluated. However, if a panelist identified odor in "odor freel! (blank) 
water randomly positioned among samples, the results from that panelist were 
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Table 25. Algae identified in microcosm water. 
Algal S~ecies or Grou~ 
Anabaena sp. 
Anabaena spiroides var. crassa 
Ankistrodesmus falcatus 
Ankistrodesmus sp:i.::alis 
Beggiatoa sp. 
centric diatoms 
Chaetoceros muelleri 
Chlamydomonas sp. 
Euglena sp. 2 
Glenodinium sp. 1 
Glenodinium sp. 2 
Nitzschia acicularis 
Nodularia spumigenia 
Oedogonium sp. 
Oocystis sp. 
Oscillatoria agardhii 
Oscillatoria sp. 
pennate diatoms 
Phaedactylum tricornutum 
Scenedesmus incrassulatus 
Scenedesmus quadricauda 
Spirulina major 
Thalassiosira weisflogii 
2.5 ~ dia. unicellular cyanophyte 
7.5 ~ dia. unicellular cyanophyte 
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Designation in 
Figures or Tables 
Anabaena sp. 
Ana. spi. cr. 
Ankistrod. f. 
Ankistrod. S. 
Beggiatoa sp. 
centric diatoms 
Chaetoceros 
Chlamydo. 
Euglena 2 
Glenod. 1 
Glenod. 2 
Nitzschia 
Nodularia 
Oedogonium sp. 
Oocystis 
Oscillatoria ag 
Oscillatoria sp 
pennate diat. 
Phaedactylum t. 
Scenedes. i. 
Scenedesmus q. 
Spirulina 
Thallassiosira 
tiny u. c. 
unic. cyano. 
Algae in 5.1% Salinity 
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Figure 48. Biovolume of algae in samples from the 5.1% salinity microcosm. 
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Algae in 0.2% salinity 
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Figure 51. Biovolume of algae in samples from the 0.2% salinity microcosm. 
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discarded. Threshold odor number (TON) was calculated as the reciprocal of 
the dilution of the sample at which odor could be detected by a panelist. A 
TON of 100 means that panelists detected an odor different from lIodor free" 
water in a 1 :100 dilution of the original sample. Individual panelist 
threshold odor values were tabulated and the percentage of panelist who could 
correctly smell an off-odor at each dilution of the sample was calculated. 
This percentage was regressed against the logarithm of the TON values for 
each dilution using simple linear regression (Feldman et ale 1986). From the 
regression equation the threshold odor for 50 percent (TON50) of the 
panelists was estimated. Using the standard error of the estimate (Sylx) the 
95 percent confidence interval for the TON50 was also calculated (Kleinbaum 
and Kupper 1978). The results are shown in Table 26. 
Odors produced in the microcosms exceeded a TON50 of 200 in two 
instances, and exceeded 100 in two additional cases. All of the samples that 
had exceptionally high odor were taken from microcosms with 0.2 or 0.1 
percent salinity. This odor intensity indicates that the algal populations, 
dominated by Anabaena, have considerable odor producing potential. Such 
odors could cause a loss of aesthetic value for the reservoir water. 
Phosphorus Loading and the Estimated Trophic 
State of the Proposed East Bay Impoundment 
The trophic state of a fresh water body is often controlled by the total 
al~al biomass per unit volume of the water. Nitrogen and phosphorus nutrient 
availability usually control the growth of algae (Hem 1985). Many kinds of 
algae can 'fix' nitrogen from the atmosphere to meet their needs, resulting 
in an effectively unlimited supply. Because both phosphorus and nitrogen are 
required, phosphorus is most commonly the limiting nutritional factor of 
algal growth (Hem 1985). For this reason, estimations of the possi bl e 
trophic state of a proposed impoundment requires an understanding of the 
occurrence of phosphorus in those waters. 
Phosphorus loading estimates 
Hem (1985) presents an excellent summary of the occurrence of phosphorus 
in natural waters and much of the following section is paraphrased from him. 
Phos phorus is commonl y dis per s ed wi dely in the environment, wi th 
concentrations in parts per million (ppm) for igneous rocks (such as granite 
and basalt) averaging 1100 ppm, 539 ppm in sandstones, 733 ppm for shale, and 
281 ppm in carbonates (limestone and dolomite). Fully oxidized phosphorus 
(phosphate) is the only form of significance in most natural waters, the 
usual mineral form being the calcium phosphates of the apatite group 
(Ca5(p04)3(F,Cl,OH». In general, contributions from phosphate fertilizers 
are a minor factor in increasing the phosphorus concentrations in streams and 
lakes. The most significant source of phosphorus in surface waters is soil 
erosion which adds considerable amounts as particles in suspension. In fact, 
an average of 95 percent to the total phosphorus carried by streams is in 
suspended particulate form in concentrations of about 0.025 mg/L. 
Phos phorus in the Bear River. In an effort to better understand 
phosphorus transport to the proposed East Bay impoundments, data from one 
inflowing ri vel", the Bear Ri vel", were closely examined. Bear River 
streamflow accounts for approximately 59 percent of the average annual 
streamflow to the Great Salt Lake (Arnow 1984). Water quality records, 
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Table 26. Threshold odor of microcosm water. 
Microcosm 95% C. I.* Number of 
Day Salinity Rep_1icate TON50t Lower Upper Panelists 
8 5.10% 1 14 13 15 9 
2 52 28 95 5 
Changing 1 18 16 20 5 
2 16 13 20 3 
0.50% 1 29 25 35 4 
2 10 6 19 2 
0.20% + sed. 1 16 16 16 6 
2 14 12 16 8 
0.20% 1 253 244 262 3 
2 20 19 20 5 
0.10% 1 34 29 40 8 
2 16 15 18 6 
35 5.10% 1 31 19 52 6 
2 64 59 71 10 
Changing 1 19 10 36 9 
2 24 17 34 10 
0.50% 1 29 24 34 11 
2 47 36 61 10 
0.20% + sed. 1 16 13 20 9 
2 18 14 22 10 
0.20% 1 22 16 31 5 
2 11 10 13 8 
0.10% 1 51 31 85 8 
2 17 15 18 12 
68 5.10% 1 76 13 435 9 
2 51 39 66 9 
Changing 1 54 29 101 9 
2 46 27 80 8 
0.50% 1 38 32 44 7 
2 72 47 111 8 
0.20% + sed. 1 52 30 91 9 
2 159 24 1078 8 
0.20% 1 205 27 1577 9 
2 43 32 58 8 
0.10% 1 123 50 300 9 
2 54 29 101 9 
*95% confidence interval. 
tThreshold odor-50%. Odor detectable by 50 percent of 
the panel at the dilution 1:TON50. 
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including total phosphorus concentrations, have been gathered since 1974 from 
the Bear River near Corinne by the United States Geological Survey, Water 
Resources Division (USGS) and the State of Utah Department of Health, 
Division of Environmental Health (DEH). The USGS and DEH sampling locations 
are wi thin half a mile of each other. The qual1 ty and quantity of these 
records is good, with sampling intervals ranging from less than a day to a 
maximum of 60 days. A point of interest is that when the USGS and DEH 
samplings occurred at the same time or within a few days of each other, the 
reported phosphorus concentrations usually are in excellent agreement. 
Reporting levels for total phosphorus concentrations are accurate to + 0.01 
mg/L (K. Thompson, USGS, 1986 oral communication). 
Concentrations of total phosphorus in the waters of the Bear River 
ranged, on the average, between 0.1 mg/L in the winter to 0.2 mg/l during the 
remainder of the year. The winter low is thought to indicate that frozen 
soils are less susceptible to erosion and are, therefore, less able to 
contribute particulate phosphorus to the environment. The poor correlation 
which was found between daily flow and daily phosphorus load is apparently 
due to the highly Variable nature of erosive events in space and time as 
compared to the more smoothly varying nature streamflow. 
In an attempt to find a reliable predictive statistical relationship 
besween phosphorus loading and an easily measured physical quantity, the 
total phosphorus concentration and instantaneous streamflow records and other 
data for the Bear River were analyzed in several ways. An excellent 
correlation was found between total annual phosphorus load and annual 
streamflow volume. Thus: 
PLB (Q * 0.0002183) + 1.96 (1"2 "" 0.92) (5.1) 
in which 
PLB annual Bear River phosphorus load (1 Mg = 2,205 lb). 
Q "" Bear River annual streamflow volume in acre-feet. 
Phosphorus loading in the East Bay. Records of phosphorus concentration 
and instantaneous discharge for the remaining two maj or streams that 
discharge into East Bay, namely t the Weber and Jordan Rivers, also were 
acquired from the DEH. These data (having various sample intervals ranging 
from a few days to one or two months) were used to compute a linear 
regression equation describing annual phosphorus transport as a function of 
total annual stream flow. This resulting relationship is: 
PL = (Q * 0.0002736) + 462 (1"2 = 0.98) (5.2) 
in which 
PL = annual phosphorus load to the East Bay in megagrams. 
Q = combined annual inflows of the Bear, Weber, and Jordan Rivers in 
acre-feet 
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Equation 5.2 was found to be most accurate in the range of annual inflow 
volumes to the Great Salt Lake of one million to five million acre-feet. The 
period of record from which the relationship was ?eveloped spanned the years 
1974 to 1983. 
Ungaged inflow and groundwater inflow to East Bay is a fairly small 
percentage of the total inflow. However, these quantities were estimated and 
added to the gaged inflows to calculate total phosphorus transport. 
Estimating the trophic state of the East Bay. A procedure for 
estimating the trophic state of the impoundment was incorporated into the 
hydrologic model (Chadwick et ale 1986). This procedure is based on the 
results of Jones and Lee (1982), who verified a relationship for phosphorus 
loading and trophic condition of lakes proposed by Vollenweider (1976) using 
data from 80 North American lakes. Their empirical models allow prediction 
of mean summer chlorophyll a concentration, water transparency (Secchi 
depth), and hypolimnetic oxygen depletion. Calculation of Vollenweider's 
phosphorus loading parameters were incorporated into the hydrologic model to 
provide normalized annual areal phosphorus loading values for East Bay from 
the following empirical relationship, which relates annual phosphorus loading 
to a lake's mean depth, surface area, and hydraulic residence time: 
PLN = (P/(MD/RT»/(1 + IRT) (5.3) 
where 
PLN = normalized annual areal phosphorus loading 
P = annual areal phosphorus loading (mg phosphorus/m2/yr) 
MD = mean depth in meters 
RT residence time in years, MD/surface hydraulic loading (m/year) 
Equation 5.3 was used to estimate the trophic state of East Bay at any pOint 
within the time span being simulated. 
Trophic condition 
Figure 54 indicates the estimated normalized annual areal phosphorus 
loading for the East Bay impoundment for both the high and low lake scenarios 
using either 8,000 or 6,000 cfs pumps during the period 1981 to 2010. These 
data are tabulated in Appendix G. In a general sense, the normalized 
phosphorus loading is directly proportional to the hydraulic residence time 
which, in turn, is an inverse function of the water inflow and resultant 
pumping rates. Application of Vollenweider's (1976) techniques and the 
empirical water quality response relationships of Jones and Lee (1982) 
indicates that the East Bay will be mesotrophic to highly eutrophic under 
both the high lake and low lake scenarios. Mean summer chlorophyll a 
concentrations would be expected to range from 5 to greater than 100 Ug/l:-
This range is similar to the range observed in samples taken in the East Bay 
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in 1986. With a normalized areal phosphorus loading of 100 ).Ig/L, the most 
likely mean summer chlorophyll a concentration would be about 20 ).Ig/L. It is 
emphasized, however, that theseresults should be viewed with some caution. 
The relationships between normalized annual areal phosphorus loading were 
derived from observations of lakes and reservoirs which may differ, in terms 
of characteristics such as average depth, average water temperature, and 
water salinity levels from those of the proposed East Bay Reservoir. In 
addition, this empirical model provides an estimate of the average summer 
chlorophyll a for the water body under consideration. In actual fact, our 
field observations indicated that algae concentrations in the southern 
portion of the Farmington Bay can be two to three times greater than those 
existing in the remaining areas of the East Bay. Thus, it is likely that 
trophic levels would vary considerably throughout the proposed East Bay 
impoundment. Additional modeling in terms of the hydrology of the East Bay, 
including the circulation patterns of its sectors, would be re quired to 
further define the spatial and temporal variations of the trophic state of 
the proposed impoundment. 
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CHAPTER 6 
WASTEWATER DISCHARGE CONSIDERATIONS 
Fishery Establishment 
As the proposed East Bay Reservoir freshens, it will become a suitable 
habi tat for many kinds of fishes and the food-chain organisms necessary to 
support a warm water fishery (Sorensen et al. 1977). Even if game fish are 
not introduced into the reservoir, nongame species are likely to enter from 
the tributaries. Common carp (Cyprinus carpio) can survive 12,000 mg TDS/L, 
and fertilized carp eggs hatch favorably up to 6,600 mg TDS/L (Al-Hamed 
Mahmoud 1971). 
Water Quality Standards for Protection of Warm Water Aquatic Life 
Chlorinated wastewater treatment plant effluents can be toxic to aquatic 
organisms. Free chlorine and chloramine residuals, and unionized (aqueous) 
ammonia in these effluents are major contributors to their toxicity (Brungs 
1973, Esvelt et al. 1973, Finlayson and Hansen 1979, Brooks and Bartos 1984). 
The Utah Department of Health Wastewater Disposal Regulations, Part II (Utah 
Department of Health 1984) protect warm water aquatic life as a beneficial 
water use, and include standards of 0.008 mg/L chlorine, as a 30 day average, 
and 0.02 mg/L unionized NH3-N for this purpose. Assuming that the proposed 
reservoir is classified for the protection of warm water aquatic life (class 
3B) by the Water Pollution Control Committee, wastewater treatment plants now 
discharging to the lake will probably be required to upgrade their operations 
to remove ammonia and residual chlorine from their effluents. Wastewater 
treatment plants now discharging to the lower reaches of streams that flow 
into the lake may also be required to upgrade their effluents since the 
aquatic life of the reservoir will extend into the stream, and vice versa. 
First Estimate Costs for Upgrading Wastewater Treatment Plants 
Wastewater treatment pl?nts that discharge to the eastern side of Great 
Salt Lake and to tributaries near the lake include the Far West/Plains City, 
North Davis, Central Davis, South Davis North, South Davis South, and Salt 
Lake City plants. None of these plants remove residual chlorine, and with 
the exception of the Central Davis plant, none include processes for ammonia 
removal from their effluents. The Central Davis plant is being expanded with 
the addition of an oxidation ditch treatment process. It is assumed that the 
oxidation di tch will convert ammonia to nitrate through nitrification for 4 
million gallons per day (MGD), or 62 percent, of the plant's effluent. 
Ammonia-nitrogen conversion to nitrate-nitrogen by the nitrification 
process is probably the least expensive method of ammonia removal in northern 
Utah climates, and dechlorination with sulfur dioxide is probably the least 
expensive method of chlorine removal from wastewater treatment plant 
effluents (USEPA 1980). A first estimate of costs for installing separate 
stage nitrification, with a clarifier, and sulfur dioxide dechlorination, and 
for operation and maintenance of these facilities for 20 years at the above 
plants was made using cost information from the U. S. Environmental 
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Protection Agency's Innovative and Alternative Technology Assessment Manual 
(USEPA 1980). Construction costs were converted to capital costs by adding 
average percentage estimates of non-component costs and non-construction 
costs (a factor of 1.58) (USEPA 1980). It was assumed that no new laboratory 
or administrative buildings would be l'equired at any of the plants as a 
result of adding these processes. All costs were updated from the USEPA 
(1980) estimates to February 1987 costs using the change in the ENR 
construction cost index (a factor of 1.79). The present value (or present 
worth) of operation and maintenance of these processes for 20 years was 
calculated using discounting procedures as described by Jelen (1970). 
Interest rate earned was assumed to be 8 percent per year, and inflation was 
assumed to be 4 percent per year in these calculations. Results of the 
estimate are summarized in Table 27. 
Construction capital cost estimates for nitrification at all six plants 
are in excess of 38 million dollars with nearly 46 percent of this total 
falling to the Salt Lake City Plant. The present value of 20 years of 
operation and maintenance of nitrification facilities is estimated to be 
about 13 million dollars. 
Dechlorination construction is much less capital intensive than 
nitrification. Less than 900 thousand dollars may be r.equired for 
dechlorination installation at all six plants. Twenty years of operation and 
maintenance of these dechlorination facilities has an estimated present value 
of about 4 million dollars. 
The present value of construction, operation, and 20 years of 
maintenance of nitrification and dechlorination facil i ties at exist ing 
wastewater treatment plants discharging to the eastern bays of Great Salt 
Lake is probably in excess of 57 million dollars. These costs should be 
taken into consideration in planning the construction of a freshwater east 
bay reservoir. 
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Table 27. Estimated nitrification and dechlorination installation, operation, and 
maintenance costs at wastewater treatment plants that discharge to the 
eastern bays of Great Salt Lake or to tributaries in close proximity to 
the bays. Values are in thousands of dollars. 
Nitrification 
Design Annual Total Capital 
Capacity Construction Operation & 20 year O&M and O&M 
Treatment Plant IMGD) Capital Maintenance JO&M) Present Value Present Value 
Salt Lake City 56 17,535 376 5,179 22,714 
N0rth Davis 34 11,596 286 3,946 15,542 
S. Davis North 12 5,091 152 2,096 7,187 
S. Davis South 3 1,923 68 937 2,860 
Central Davis 2.5* 1,697 64 888 2,585 
Far West/Plains City 0.4 594 34 469 1,063 
Nitrification totals 38,436 980 13~15~ 51,951 
Dechlorination 
Salt Lake City 56 286 122 1,677 1,963 
North Davis 34 229 85 1,184 1,413 
S. Davis North 12 141 45 617 758 
Central Davis 6.5 110 32 444 554 
S. Davis South 3 71 20 271 342 
Far West/Plains City 0.4 37 8 111 148 
Dechlorination totals 874 312 4,304 5,178 
Grand totals 39,310 1,292 17,819 57,129 
*Central Davis design flow is 6.5 MGD.Only 2.5 MGD of trickling filter treated 
effluent would require nitrification. 
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CHAPTER 7 
MOSQUITO AND BRINEFLY PRODUCTION CONSIDERATIONS 
Area Elevation Relationships to Mosquito Habitat 
Culex tarsalis and Ades dorsalis are the mosquitoes in the Great Salt 
Lake area. Generally. concern for mosqui to control centers around Culex 
tarsalis since it is a carrier of western equine encephalitis. Ades dorsalIS 
is a nuisance. Both insects require areas of standing water -re5s than 9 
inches in depth with marsh grasses or other vegetation in the water for 
protection of the eggs and larvae so that their life cycle may be completed. 
If the depth of the water fluctuates appreciably during the 10 to 1l.i day 
period required for eggs to hatch and larvae to mature into adults. Ades 
dorsalis is likely to develop in the largest numbers. If water levels remaIn 
relatively constant during the 10 to 1l.i day maturation period, Culex tarsalis 
will dominate. Figure 38 illustrates the relationship beween warer-elevation 
and surface area for the East Bay. If the East Bay fresh water reservoir 
were maintained at an elevation between l.i204 and 4208 ft above sea level, 
10,000 to 25,000 acres of land may be covered with water less than one foot 
deep. As salinity in the sediments decreases over time in these areas, 
grasses and other marsh plants would be expected to become established, 
providing a very large, ideal mosquito producing environment. If water 
levels remained relatively constant in these shallow areas for 10 to 14 days 
during the warm seasons of the year, the western equine encephalitis vector, 
Culex tarsalis, could be produced in large numbers. Mosquito control efforts 
over-this large area would add to the financial burden of mosquito abatement 
agencies. 
Brinefly Production 
In the past, brinefly populations have been a deterrent to recreational 
develpment of the shores of Great Salt Lake (Nielson 1967, Hansen 1969). 
There is little information available to allow a decisive evaluation of the 
ability of brineflies to reproduce in water with the relatively low salinity 
expected in the proposed impoundment" but survival in water of 1000 to 1500 
mg total dissolved solids (TDS) per liter (0.1 to 0.15 percent) would not be 
expected. Brine flies occur in bodies of water with salinities up to 20 
percent TDS, but the larvae appear to prefer salinities of 5 to 10 percent 
(Winget and Collett 1981). In a laboratory study, Winget et al. (1969) found 
that larval mortality after 8 weeks increased from 26 percent at 3.4 percent 
salinity to 68 percent at 12.6 percent salinity, but no larvae survi ved 
exposure to distilled water. Winget and Collett (1981) reported that brine 
flies in the Utah Lake area were not so abundant as to be considered pests, 
but they were observed to be numerous in areas of stagnant water with 
salinity above 5 percent. 
Based on this limited information concerning salinity tolerance of brine 
flies, populations of these insects would probably decrease substantially 
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Figure 55. East Bay water elevation-surface area relationship. 
when salini ties in the proposed East Bay Reservoir decreased below one 
percent. 
When brine fly populations are dense, they are responsible for 
consumming large amounts of algae and detrital material in the water, and 
they probably make a substantial contri bution toward controlling the con-
centration of algae in Great Salt Lake (Winget et al. 1969, Winget and 
Collett 1981). Hopefully, as the salinity of the proposed East Bay Reservoir 
decreases, other grazing animals (protozoans and metazoans) will replace this 
ecological function of the brine fly. 
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CHAPTER 8 
CONCLUSIONS 
Sediment Pollution 
Heavy metals 
1. Heavy metal concentrations in the bottom sediments at some sampling 
sites in the East Bay, especially near the outlet of the Salt Lake City 
Sewage Canal t are much higher than background or natural concentrations. 
More than 3 square miles of sediment near the sewage canal may be 
significantly contaminated with heavy metals. Lead, mercury, cadmium, and 
arsenic were toxic metals of concern near the sewage canal; cadmium and 
chromium near the North Davis waste water treatment plant; lead and mercury 
near the Ogden Bay waterfowl management area; mercury and arsenic near the C-
7 canal; and mercury near the Goggin Drain. 
2. Total metal concentrations tend to decrease with depth, which 
suggests that the pollution is relatively recent. 
3. Water soluble metal concentrations were low in all samples, and 
below the detection limits of the methods used in most samples. 
4. Non-water soluble metals may be sorbed or occluded in metal oxides 
or hydroxides, precipitated with carbonates, phosphates or sulfides, and 
sorbed on or occluded in primary or secondary minerals. However, these 
metals could be biologically available, and thus present an environmental 
hazard. The potential for this hazard needs to be evaluated. 
5. Changes in environmental factors, particularly pH and 
oxidation/reduction potential, could lead to the release of metals' to the 
overlying water column. 
6. Concentrations of methylmercury (a mercury form that is highly prone 
to biological magnification) in samples of mercury contaminated sediments 
near the Salt Lake Ci ty Sewage Canal were nil, and no evidence for 
methylmercury formation in these sediments under anaerobic and freshening 
conditions was observed. 
7. Metals were found to occur together with oil and grease in the 
sewage canal outlet area, suggesting a common source for these pollutants, 
such as the petroleum industry. 
Organics 
1. As stated in item 7 above, the high oil and grease content of some 
low-lying sediments in the vicinity of the sewage canal outlet implies 
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pollution from the petroleum industry. The sediments containing 011 and 
gr'ease generally were found to lie below the 4196 foot elevation contour. 
2. Chromatographic (GC, HPLC) analyses show low concentrations of 
polynuclear aromatic compounds that· could be mutagenic and/or carcinogenic. 
3. No conclusive evidence was found of sediment pollution .by 
pesticides. 
Microbial pathogens 
1. Resul ts of coliform analyses were nil in all sediment samples 
examined. These results contrast sharply with those from a Uni versi ty of 
Utah study done in 1971 (Van der Meade and Nicholes 1972) in which 
significant concentrations of coliforms were found in sediment/water 
interface samples taken near the sewage canal. 
2. Analyses for fecal streptococci and Clostridium perfringens spores 
suggest that some sediments have been polluted with fecal material, but the 
incidence of this pollution does not appear to be widespread. 
3. Enteric virus analyses failed to recover infectious virus from any 
sediment samples. Poliovirus are inactivated in Farmington Bay sediments 
within a few weeks. 
Health Hazards 
1. The low water solubil1 ties of toxic heavy metals and the PNA 
compounds preclude a serious health hazard by direct ingestion of the waters 
overlying the sediments. A suspension of relati vely small amounts of 
contaminated sediment in the water column could contain concentrations of 
toxi c metals ·exceeding the level specified in the public drinking water 
regulations. This does not currently pose any threat to health, because: 
(1) the water is not used for drinking water, and (2) full body contact 
recreation in the areas of sediment pollution are nil. If the proposed 
freshwater reservoir becomes a drinking water supply, suspended sediments 
would be removed from the water through treatment prior to its being used for 
drinking water purposes. 
2. Biological accumulation and/or concentration of metals or toxic 
organics through the food chain could be a potential health hazard to persons 
consuming fish or other aquatic animals. 
3. The low levels of indicator bacteria and enteric viruses indicate 
that the area presents a low hazard from infectious enteric diseases. 
Eutrophication Potential 
1. Model studies indicate that the high phosphorus loadings and long 
hydraulic residence time for the East Bay reservoir are likely to result in a 
very eutrophic system. A system of this nature could produce objectional 
odors, toxic algae, and aesthetically un-appealing conditions. It is 
estimated that the levels of eutrophication of the proposed reservoir will 
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significantly exceed those of Willard Reservoir and, possibly, those of the 
Goshen Bay in Utah Lake. 
2. In laboratory simulations (microcosms) of the freshwater reservoir 
water column, the algal populations were dominated by Anabaena spiroides var. 
crassa, a blue-green algae often associated with taste and odor problems in 
lakes and reservoirs. "Grassy" odors of relatively high intensity developed 
in these microcosms. 
3. During the study, the East Bay area was highly eutrophic and algae 
production remained surprisingly high through December. 
Wastewater Treatment Plant Costs 
To protect aquatic life, wastewater treatment plants discharging to the 
proposed East Bay Reservoir would require approximately $38,436,000 for 
construction and $17,819,000 (present value) for 20 years of operation and 
maintenance of ammonia removal and dechlorination processes. 
Water Salinity 
Because of the large volumes of freshwater inflows from th,e three major 
tributaries of the Great Salt Lake, relatively low equilibrium salinity 
levels could be maintained in the proposed East Bay impoundment. Model 
studies indicate that during high flow periods salinity levels could fall as 
low as 500 mg/l. However, average values can be expected to be in the range 
of 1000 to 1500 mg/l which is suitable for freshwater recreation, and perhaps 
marginally satisfactory for agricultural, industrial, and municipal uses. 
Utah's standards for salinity allow the use of water exceeding 1000 mg TDS/L 
only upon specific approval of the Utah Safe Drinking Water Committee. 
Blending water from the proposed reservoir with other lower salinity water, 
or cos tly desalination may be re quired to provide water with a sal i ni t y 
acceptable for municipal water supply. 
Mosquito Production Potential 
The freshwater environment, with extended areas of shallow water having 
a relatively stable elevation during the mosquito breeding season (summer 
months), will be expected to provide good habitat for the production of 
mosquitoes. These insects, besides being a nuisance, can be a vector for 
western equine encephalitis. 
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Sediment sample handling 
After collection and transport, sediment cores were frozen at -20°C in 
the original sampl ing tube. The frozen sediment was extruded as a whole, 
allowed to partially thaw, and cut into sections corresponding to visible 
similarities in color and/or texture. These sections were mixed well before 
storage in airtight containers at 4.5°C. Grab samples were allowed to settle 
and free water was decanted from the sediment before mixing the entire 
sample. The mixed samples were then centrifuged at 1500 x g to reduce the 
water content, and stored at 4.5°C. 
Sediment Moisture Content 
A representative, well mixed sediment sample was placed in a weighing 
dish and dried to constant weight in an oven at 103°C. The dried sample was 
allowed to cool in a desiccator to room temperature and was reweighed. 
Percent moisture was determined from the difference in sediment weight before 
and after drying. 
Oil and Grease 
Oil and grease is defined as any material recovered as a substance 
soluble in Fluorocarbon 113. The oil and grease content of each sediment was 
determined using a modification of Method 503 D of Standard Methods (APRA 
1986). In this procedure, 20 g of wet sediment, with known moisture content, 
was weighed into a 250 ml beaker. The wet sample was air dried for 24 hours 
and then combined with 7 g of anhydrous sodium sulfate to remove any 
additional moisture. The dried sediment was extracted in a Soxhlet apparatus 
for 25 hours with Fluorocarbon 113. The extract was transferred to a 500 ml 
Kuderna-Danish evaporative concentrator and the sol vent removed by heating 
over a steam ba·th. The remaining residue was cooled to room temperature in a 
desiccator and the percent oil and grease in the sediment was determined 
gravimetrically. 
Extraction for Organic Compound Analyses 
A representative, well mixed sediment sample was placed in a 500 ml 
Griffin beaker and air dried overnight. The sample was then extracted with 
250 ml of methylene chloride for 120·seconds using a homogenization technique 
(Coover et al. 1987). The Tissumizer (Tekmarj Cincinnati, OH) homogenization 
system consisted of the Model SDT-1810 motor, Model SDT-182EN shaft and 
generator assembly, and Model TR-10 speed controller. The extract was 
decanted from the soil and dried by passing it through a column of anhydrous 
sodium sulfate. The extracts were concentrated to 2 ml using a Kuderna-
Danish evaporator. The sample was then diluted to 10 ml with hexanes for Gas 
Chromatography, HPLC, and GC/MS analyses. 
Gas Chromatographic Analysis 
The sediment extracts were analyzed on a Shumadzu 9A gas chromatograph 
(GG) equipped with an electron capture detector (63Ni) and photoionization 
detector (HNU Systems; Newton, MA). A D8-5 (15 m) fused silica capillary 
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column (0.53 mm ID) with nitrogen carrier gas (7-8 ml/min) and nitrogen (30 
ml/min) as make-up gas was used for all analysis. The column was temperature 
programmed from 150°C to 265 °C at 6°C/min. Detector and inj ector 
temperatures were 300°C. 
Methylmercury Analysis 
Sediment extracts were prepared according to the procedures of 
Longbottom et ale (1973). Extracts were analyzed on a Shumadzu 9A GC 
equipped with an electron capture detector. A DB Wax, fused silica megabore 
column (15 m X 0.522 mm ID), operated isothermally at 170°C with nitrogen as 
the carrier gas (6 mL/min) and nitrogen make-up gas (25 mL/min) was used for 
the analysis. Detector and injector temperature was 300°C. 
HPLC Analysis 
Sediment extracts were screened for polynuclear aromatic compounds 
(PNAs) using high performance liquid Chromatography (HPLC) following EPA 
Method 8310, (U.S. EPA 1982). A Perkin-Elmer Series 4 HPLC system equipped 
with a UV detector (Model LC-85B) , integrator (Model LCI-1 00) and reverse 
phase column (HC-ODS SIL-X), was used for analysis. 
Chromatography conditions were as follows: isocratic for 1 minute with 
acetonitrile/water (40/60), linear gradient elution to 100 percent 
acetoni trile over 7 minutes, followed by a 3 minute hold at 100 percent 
acetoni trile. 
GC/MS with Ion Trap Detector (ITO) 
Sediment extracts were analyzed on a Varian 3400 GC coupled to a 
Finnigan Model 700 Ion Trap Detector (ITO) equipped with an IBM PC/ AT data 
system. A DB-5 fused silica capillary column (J. S. Scientific, 0.25 mm x 30 
mm) was used for all analysis. Operating conditions are listed below: 
Instrumental Parameters 
Carrier gas: 
Column temperature: 
Injector temperature: 
Transfer line temperature: 
ITO Scan Mode: 
Injection: 
Metals analyses of sediment 
He, 30 cm/sec linear velocity. 
40°C for 2 min, 40°C to 280°C 
at 6°C/min, 270°C for 10 min. 
250°C. 
280°C. 
Full scan, 50 to 650 amu, 
1 scan/sec. 
1 J.!1, 45 sec spli tless program. 
Both cores and grab samples from the surficial sediments of the East Bay 
were analyzed for total content of arsenic, cadmium, copper, chromium, lead, 
mercury, nickel, and zinc, and for water extractable concentration of these 
metals. Selected samples,' high in other metals, were also analyzed for 
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selenium, but concentrations were near the detection limit of the methods 
used, and so selenium was not included in routine ~nalyses. 
To minimize loss of volatile elements, the wet samples were used for all 
analysis. Subsamples were taken to determine water content. All sediment 
metal concentrations were reported on a dry weight basis. 
Water extraction (fresh water soluble fraction) of the sediments was 
performed as follows: A known mass of sediment was added to a centrifuge 
bottle and a known volume of deionized water was added. Sediment-water 
ratios ranged from 1:2 to 1:10. The mixture was shaken at room temperature 
for 24 hours in a tumbler shaker at 30 rpm. The mixture was centrifuged at 
1500 x g for 30 minutes, the sample was then filtered through a 0.45 j.I 
membrane filter to remove suspended particles. The filtrate was preserved by 
ac idifying the sample with a few drops of· 50 percent nitric acid. The 
extracts were analyzed for copper, nickel, cadmium, chromium, and zinc using 
a Perkin Elmer model 6000 inducti vely coupled argon plasma spectrometer 
(Icp). Lead, arsenic, and selenium analyses were performed using a Perkin 
Elmer 5000 flameless atomic absorption spectrophotometer (AA). Mercury was 
determined by hydride generation-atomic absorption spectrophotometry after 
oxidation of the sample (APHA 1985). 
The digestion of the sediments for the determination of total metal 
content was performed using EPA Method 3050 hot nitric acid-hydrogen peroxide 
procedure (U.S. EPA 1982). This digestion procedure was used for all metals 
except mercury. To avoid volatilization losses of mercury the procedure of 
Stewart and Bethany (1982) was used. Copper, cadmium, zinc, lead and nickel 
were analyzed using flame AA. Due to extreme matrix interferences, a method 
of standard addi tion was used to determine chromium by ICP. Hydride 
generation-AA was used for mercury determination. 
Radiological Analyses 
Sediment samples from the Goggin Drain, "Bird Refuge," and Hooper Hot 
Springs area were analyzed for radium-226 (as a transuranic) by the Utah 
Department of Health, Environmental Health Laboratory. 
Bacteriological Analysis Procedures 
Sediment samples were prepared for analysis of total coli forms and fecal 
streptococci, by making an initial dilution of 20 g of wet sediment in a 180 
ml dilution blank of phosphate buffered saline and shaking with glass beads 
according to the procedures of Wollum (1982). Silt and sand particles were 
allowed to settle for five minutes, and the suspension from near the middle 
of the dilution bottle was planted into the appropriate medium for most 
probable number (MPN) determinations. 
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Total coliform MPNs in sediment samples were determined using the five-
tube fermentation techni que (APHA 1985). All pres umpti vely posi ti ve 
fermentation tubes were confirmed for the presence of coli forms using 
brilliant green lactose bile broth. The membrane filter procedure for total 
coliforms was tried. but was not reliable at ,dilutions less than 10-3 due to 
interfering non-coliform bacterial coloni es. No posi ti ve resul ts were 
obtained from the membrane filter procedure. 
Most probable numbers of fecal streptococci in the sediment samples were 
determined using the five-tube technique (APHA 1985). Turbid tubes were 
confirmed for the presence of fecal streptococci by streaking a portion of 
the growth on esculin-azide agar and examining the plates for typical 
colonies after 24 h incubation at 350 C. 
Concentrations of Clostridium perfringens spores were estimated using 
the membrane filter procedure of Bisson and Cabelli (1979). The ini tial 
dilution of sediment was made as described above except that 0.1 percent 
peptone water was substituted for phosphate buffered saline, and 109 of 
sediment was weighed into 95 ml of diluent. The initial dilution was placed 
in a water bath at 60oc. brought to that temperature and held for 15 minutes 
to destroy vegetative cells. Dilutions of the heat treated sample were then 
filtered, and the filters were incubated, and counted as described by Bisson 
and Cabelli (1979). 
Virus Analysis Procedures 
The moisture content of all samples was determined by drying a represen-
tative subsample at 103°C overnight. All virus elutions were performed on a 
wet weight equivalent of 10 grams dry weight. A tryptose phosphate broth 
elution procedure was used for routine sample analyses. In this procedure 10 
grams dry weight equivalent of sediment was placed in a sterile elution 
vessel and 100 ml of sterile tryptose phosphate broth was added aseptically. 
The mixture was stirred vigorously with a magnetiC stirrer for 30 minutes at 
ambient temperature, and then centrifuged at 2250 x g for 30 minutes at 
ambient temperature. The supernate was decanted and assayed for virus by 
plaque assay. This procedure was compared to the 10 percent beef extract 
procedure of the U. S. Environmental Protection Agency (Berg et al. 1984) in 
recovering poliovirus spikes from a reference standard composed of calcium-
phosphate and was found to be statistically equivalent. 
Salini ty and Nutrient Analyses 
in Water Samples 
Total dissolved solids (salinity) was determined according to APHA 
(1985). Total phosphorus and dissolved orthophosphorus in water samples were 
determined using the methods of Strickland and Parsons (1972). Ammonium-
nitrogen was determined using the phenate method (APHA 1985). Nitrate plus 
nitrite-nitrogen was determined using the automated cadmium reduction method 
(APHA 1985). Total nitrogen was determined using the digestion procedure of 
Solorzano and Sharp (1980) followed by the automated cadmium reduction method 
for the measurement of nitrate in the digest. 
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Phytoplankton samples 
Samples for algae studies were returned the day of collection to the 
algology lab at Brigham Young University. Samples were either prepared and 
studied the day of collection or refrigerated and examined the next day. One 
liter of lake water from each locality was filtered through a 1.2 j.lm 
Millipore membrane filter. The filter was cleaned into 10 ml of distilled 
water for further analysis. 
Enumeration of the phytoplankton was performed utilizing Palmer Counting 
chambers. These chambers contain a known volume of sample and have the 
important advantage that the included sample can be studied at LlOO 
magnif i cat ions under the mi croscope. Thi s allows for the spec ifi c 
identification of most of the taxa present. Estimates of the standing crop 
of algae in the East Bay were made by multiplying the number of organisms 
encountered in the Palmer Cell by known multiplication factors. The standing 
crop estimates are reported as numbers of cells, filaments or colonies per 
liter (Appendix C). 
All Chlorophyta, Chrysophyta, Cyanophyta, Euglenophyta and Pyrrhophyta 
encountered during this study were identified to the specific level when 
possible. A few were reported only as genera when specific identification 
was not possible. In addition, diatoms were not identified in the counting 
chamber. Rather, they were recorded merely as a category so that the number 
of di atoms per 1 iter could also be calculated. All count i ng an d 
identification of organisms was performed on Zeiss microscopes equipped with 
Normarski and bright field optics and accessories. 
Selected diatom samples were further analyzed by preparing water samples 
concentrated in the manner described above and boiling in concentrated nitric 
acid. Diatom strewn mounts were prepared following techniques described by 
St. Clair and Rushforth (1977). Photographs of selected diatom taxa were 
taken using Nikon AFM photomicrographic equipment to use in identification of 
the diatom taxa present in the flora. 
All algal species and diatoms were identified using taxonomic works in 
the laboratory at Brigham Young Uni versi ty. Reference collections of the 
algae of the Great Salt Lake and other saline waters of western North America 
were also used to aid in identification. 
Chlorophyll a analyses 
Analysis for chlorophyll a was performed by filtering 250 to 500 ml of 
water through a GF/C glass fiber filter (Whatman). The filter was then 
stored at -20°C until chlorophyll extraction began. The chlorophyll was 
extracted in 20 ml of reagent grade absolute methanol or 90 percent acetone 
(9:1, acetone:water) overnight at 5°C in the dark. The filter was disrupted 
with sonication and the extract clarified by centrifugation at 600 x g for 10 
minutes. The extract was analyzed for chlorophyll a using HPLC on two tandem 
Perkin-Elmer 3 x 3 C-18 columns. The elution -solvent system program 
consisted of 100 percent methanol for 1 minute and then a ramp to 100 percent 
acetone in 7 minutes, held for 12 minutes. The detector was a Model 112 
Turner fluorometer. The instrument was calibrated using known concentration 
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solutions of chlorophyll a (Sigma) in methanol or acetone. When methanol was 
used as the extractant, -a large fraction of the chlorophyll a from some 
samples was apparently converted to another fluorescent compound which eluted 
from the HPLC column approximately 1 minute before chlorophYll~. The 
conversion of chlorophyll a to 10-hydroxy chlorophyll a by methanol has been 
demonstrated (Seely 1966 ) -and the conversion product- in our sampl es was 
assumed to be this compound. The early eluting peak was calibrated as 
chlorophyll ~ using a known concentration of chlorophyll ~ in methanol which 
was allowed to stand at room temperature in the dark for 7 days. During this 
period, 35 percent of the chlorophyll a was converted to the compound eluting 
1 minute before chlorophyll a. 
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Appendix B: Oil and Grease and Metal Data 
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Date 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7/14/86 
7115186 . 
7/15/86 
7/15186 
7/21/86 
7/21/86 
7/21/86 
7/21/86 
7/21/86 
7/21186 
7121/86 
7/25/86 
7/25/86 
7/25/86 
7/25186 
7/25/86 
9/23186 
9123186 
9/23/86 
9123/86 
9/23186 
9/23/86 
9/23/86 
9/23186 
1012186 
1012186 
1012186 
1012186 
1012186 
1012186 
1012186 
Sample 
Location 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Bird RefuOE 
N. Davis 1 
N.Davis2 
N.Davis3 
Weber 1 
Weber 2 
Weber 3 
C. Davis 1 
C.Davis2 
C.Davis3 
C.Davis4 
C7 
C7 
Goggin 
Goaain 
Goaain 
101 
201.5 
102 
103 
104 
SCA1 
SCA2 
SCD1 
201 
202 
203 
SCBl 
SCB2 
SCB3 
SeAS 
Oil & GreaSE As Tot AsWS 
(%) (Ilg/g) (Ilg/g) 
0.27 18.6 
0.29 21.3 
0.36 30.6 
0.1 22.6 
0.79 46.3 
0.48 36.7 
0.25 27.4 
0.19 38.2 
0.14 44.6 
0.05 18.8 
0.05 18.4 
0.55 17.1 
0.53 20.5 
0.28 26.3 
0.09 21 
0.05 14.6 
0.02 18.9 
0.04 9.71 
0.09 35.4 
0.04 34.1 
0.03 33.6 
0.004 19.8 
0.096 60.4 
0.139 17.4 
0.078 22 
0.OS4 24 
0.04 18 0.46 
0.27 17.5 0.92 
0.85 21.7 0.08 
0.05 16.9 0.5 
0.04 19.7 0.32 
0.32 21.7 
0.01 12.9 0.57 
0.1 18.2 0.46 
0.64 51 
0.04 10.3 
O.OS 14.8 0.55 
0.61 31.3 0.31 
0.39 22.5 
0.01 20.1 0.29 
0.17 19 . 0.23 
Surface Sediment Sample Oil Grease and Metals 
Cd Tot CdWS CrTot Crws CuTot CUWS HgTot HgWS 
(j.lglg) {ualal (ua/al (ualal (Ilg/g) (Ilalg) (ua/a) (Ilg/al 
4.8 <0.08 21 <0.16 175 < 0.11 1.35 <0.008 
4.6 <0.14 37 <0.28 174 <0.19 0.68 < 0.014 
3.9 <0.09 81.3 <0.18 218 <0.12 0.68 <0.009 
0.8 <O.OS 20 <0.12 43.6 <0.08 0.15 <O.OOS 
7.9 <0.09 346 <0.18 347 0.19 0.78 <0.009 
4.1 <0.10 70.3 <0.19 220 0.15 2.05 < 0.010 
3.2 < 0.14 54.5 <0.28 140 <0.19 0.94 < 0.014 
4 < 0.13 76.6 <0.25 155 <0.17 0.92 < 0.013 
1 <0.06 28.9 <0.12 112 <0.08 0.43 <0.006 
0.7 <O.OS 18.2 <0.12 98.7 <0.08 0.08 <O.OOS 
0.7 <0.06 9.49 <0.12 66.2 <0.08 0.08 <0.006 
3.9 <0.24 62.5 <0.48 107 <0.32 0.38 <0.024 
295.5 0.05 1047 <0.33 161 0.33 0.11 < 0.017 
4.4 < 0.13 70.9 <0.25 85.5 <0.17 0.26 < 0.013 
2.5 <0.06 40.9 <0.12 61.4 <0.08 0.95 <0.006 
2.7 <0.05 23.4 <0.09 59.1 < 0.06 0.72 <0.005 
0.5 <0.03 20 <O.OS 44.8 <0.04 0.55 <0.003 
0.5 <0.02 38.9 <0.05 77.2 <0.03 0.27 <0.002 
2 <0.03 35 <O.OS 119 0.08 0.07 <0.003 
2.1 42.4 135 0.3 <0.003 
2.2 41.8 125 0.34 <0.002 
0.7 < 0.01 8.27 <0.02 360 <0.02 < 0.046 <0.001 
0.6 <0.02 18.9 <0.03 1789 <0.02 3.13 <0.002 
2.6 21.5 110 0.Q1 <0.001 
3.3 <0.02 30.8 0.05 188 <0.03 0.02 <0.002 
2 27.6 177 3.3 <0.002 
0.7 <0.005 11.5 <0.31 19.3 <0.20 0.27 <O.ot5 
0.7 <0.005 10.5 <0.30 20.3 <0.20 0.12 < 0.015 
6.6 <0.007 90.7 <0.38 165 <0.26 3.71 <0.020 
0.6 <0.005 13 <0.33 44.7 <0.22 0.203 < 0.Q16 
0.8 <0.006 13.4 <0.34 129 <0.23 0.508 <0.017 
2.4 0.01 27.5 <0.37 89.6 0.37 0.711 < 0.018 
0.6 < 0.005 8.46 <0.31 11.6 <0.21 0.119 < 0.016 
0.9 <0.005 6.52 <0.30 32.9 <0.20 0.179 <0.015 
3.9 <0.006 55.9 <0.35 270 <0.23 2.93 < 0.017 
0.4 <0.005 16.3 <0.29 13.8 <0.20 0.058 < 0.014 
0.5 <0.005 13.2 <0.31 46.7 <0.21 0.504 0.022 
2.9 <0.005 36.9 <0.32 238 <0.21 2.56 0.022 
2.2 < 0.005 30.4 <0.31 96.4 < 0.21 0.67 0.034 
1.5 <0.005 15.5 <0.29 82.3 <0.19 0.128 < 0.D15 
1.1 < 0.005 15.4 <0.29 65.7 < 0.19 0.418 < 0.015 
NiTot f>lWS PbTot PbWS Selot Sews ZoTot ZoWS 
(l1g/g) (l1a1a) (llalaI lU.OI(il /ilaloi (Ilalol (Ilaia) tllalal 
16.4 <0.54 472 <0.03 418 < 0.13 
14.7 <0.93 435 <0.05 393 <0.23 
18.3 <0.60 318 0.46 394 <0.15 
8.71 <0.39 78.7 <0.02 83.7 <0.10 
28.3 <0.61 381 <0.04 677 0.17 
23.3 <0.64 264 <0.05 457 <0.16 
19.8 <0.94 144 <0.05 246 0.3 
22 <0.84 138 <0.04 270 0.41 
15 <0.39 89.3 <0.02 183 <0.10 
8.56 <0.40 114 <0.02 93.3 <0.10 
9.24 <0.39 143 <0.02 108 <0.10 
22 < 1.59 88.9 <0.08 127 0.48 
27.1 < 1.11 101 <0.03 282 <0.28 
14.6 <0.84 65.6 <0.04 122 0.23 
24.6 <0.40 224 <0.02 236 0.37 
16.3 <0.30 308 <0.02 315 0.12 
12.7 <0.21 161 <0.03 233 0.19 
21.9 <0.16 58.2 <0.03 116 0.07 
13 <0.19 129 <0.02 188 0.25 
13.7 134 <0.02 189 
19 113 <0.007 174 
5.57 <0.08 29.5 <0.00001 123 <0.02 
16.6 <0.10 66.5 <0.00001 326 0.1 
10.4 197 0.00002 286 
19.4 <0.14 276 <0.00001 345 0.1 
13.7 164 <0.00001 215 
9.23 < 1.02 35.7 <0.03 <0.10 41.4 0.32 
8.48 < 1.00 40.7 0.74 <0.10 40.9 <0.25 
24.9 < 1.28 211 0.11 <0.13 485 <0.32 
11 < 1.09 44.7 0.16 < 0.11 69 <0.27 
13.9 < 1.13 115 <0.03 <0.11 171 <0.28 
11.1 < 1.23 104 <0.03 151 0.37 
9.12 < 1.05 34 0.5 < 0.10 73.5 <0.26 
5.71 < 1.00 43.4 <0.03 <0.10 50.6 0.27 
26.4 < 1.15 305 <0.03 603 <0.29 
5.86 <0.98 <9 <0.02 29.3 <0.24 
9.6 < 1.04 99.4 <0.03 < 0.10 106 <0.26 
21.6 < 1.OS 303 <0.03 < 0.11 553 <0.27 
14.3 < 1.04 88.5 <0.03 179 <0.26 
15.2 <0.96 94.8 <0.02 < 0.10 130 <0.24 
8.8 <0.97 78.6 <~'- _ <0.10 111 <0.24 
..... 
.r:-
oo 
Date 
10/2186 
1012186 
10/2186 
1012186 
10/2186 
10/8186 
1018186 
1018186 
10/8186 
1018186 
1018186 
Sample 
Location 
SCM 
SCC1 
SCC2 
SCE1 
301 
C7-3 
Goaain4 
C74 
sea 
Bird RefugE 
.~Davis 
lQil & GreaSE As Tot AsWS 
(%) ClUlIal CIUlla) 
0.18 52.8 
0.03 14.7 0.58 
0.08 13.4 
0.36 31.5 
0.38 15 
0.03 12.2 
0.21 17.1 
0.08 25.2 
0.5 17.2 1.42 
0.32 18.4 
0.08 17.7 
. -
Surface Sediment Sample Oil Grease and Metals 
Cd Tot CdWS CrTot Crws CuTot CUWS HATot HAWS 
(llQ!g) (LLatg) CIUlla) (llQ!g) ()1Q/g) (j.I.Q!g) (l1g!g) ()1Q/g) 
2.4 <0.007 30.7 <0.39 134 <0.26 0.389 <0.020 
0.5 <0.005 13.9 <0.30 43.8 <0.20 0.054 < 0.Q15 
0.8 <0.005 13.5 <0.29 34.9 <0.19 0.251 <0.014 
2.7 <0.006 31.5 <0.39 155 <0.26 0.864 < 0.019 
3.6 <0.005 67.9 165 0.648 <0.014 
0.4 <0.15 5.12 <0.31 119 <0.21 0.05 <0.015 
1.6 <0.18 14.2 <0.37 114 <0.25 0.205 <0.018 
0.9 <0.15 32.8 <0.30 1152 <0.20 0.08 <0.015 
3 <0.007 43.5 <0.40 143 <0.27 0.827 <0.020 
1.8 <0.29 65.1 <0.57 99.9 <0.38 0.339 <0.029 
0.4 <0.16 24.3 <0.32 44.9 <0.22 0.099 <0.016 
NiTot I\iWS PbTot PbWS SeTot Sews ZnTot ZnWSI 
(j.I.gIg) (J1g1g) ()1Q/g) (l1g!g) (j1g1g) (l1g/gj CIUlla) (Ilatg) I 
16.4 < 1.32 123 <0.03 247 <0.33! 
8.28 < 1.Q1 41.8 <0.03 <0.10 56.3 <0.25 
10.3 <0.96 41.7 <0.02 88.2 <0.24, 
15.1 < 1.29 135 <0.03 262 <0.32 
16.1 159 0.11 234 
6.66 < 1.03 22.7 . 28.1 <0.26 
9.41 < 1.23 111 175 <0.31 
24.3 < 1.00 46.7 93.7 <0.25 
18.2 < 1.35 110 <0.03 <0.13 227 0.38 
25.3 < 1.91 94.7 154 <0.48 
17.5 < 1.08 90.8 95.2 <0.27 
. 
I-' 
.p.. 
\0 
Date 
9123186 
9/23/86 
9/23186 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
9/23/86 
1017186 
1017186 
10/7/86 
10/7/86 
10/7186 
10/7/86 
10/7/86 
10/7/86 
10/7/86 
1017186 
10/7186 
10/7/86 
1017186 
10/7/86 
1017186 
10/7/86 
1017186 
1017186 
10/7/86 
10/8/86 
10/8/86 
10/8/86 
10/8/86 
10/8/86 
10/8186 
10/8/86 
10/8186 
10/8/86 
10/8/86 
, 
Sample 
Location 
101·1 
101-2 
101·3 
104·1 
104-2 
104-3 
201.5·1 
201.5·2 
201.5-3 
SCD1·1 
SCD1·2 
SCD2-3 
202-1 
202·2 
202-3 
103-1 
103-2 
103-3 
SCB1-l 
SCBl-2 
SCBl-3 
SCBl-4 
SCBl-4 
203-1 
203·2 
SCA2-1 
SCA2-2 
SCA2-3 
SCA3-1 
SCA3-2 
SCA3-3 
Weber 5·1 
Weber 5·2 
Bear River-1 
Bear Rlver·2 
N. Davis 
N.Davis 
N. Davis 
Goooin 4-1 
Goaain4-2 
Goaain4-3 
Core Oil & Grease As Tot AsWS 
Deplh (%j Cllwa) I (f,lWg) 
0-7 0.035 
7-22 0.032 
22·30 0.02 
0·11 0.083 
11 - 26 0.052 
26·30 0.045 
0-7 0.48 28.4 
7·15 0.39 39.4 
15·30 0.2 27.6 
0·6 0.03 
6- 0.014 
- 0.014 
0·12.5 0.03 9.68 
12.5-38 0.03 12 
38-45 0.02 9.73 
0-9 0.03. 
9-19.5 0.026 
19.5-31 0.Q1 
. 0-8.5 0.72 23.6 
8.5-17.5 0.06 20.8 
17.5-29 0.02 20.9 
29-30 0.Q18 9.23 
33-36 0.025 4.98 
0-14 0.03 
14·26.5 0.04 
0·10 0.02 
10· 28 0.02 
28-34 0.02 
0-9 0.29 
9 -14 0.05 
14·43 0.Q1 
0-14 0.015 
14·30 0.016 
0·15 0.365 
15·41 0.17 
0-6 0.286 32 
6·23.5 0.049 16.7 
23.5·33 0.025 19.2 
0·15 0.12 
15·21 OJ!! 
21-32 
Sediment Core Sample Oil and Grease and Metals 
Cd Tot CdWS CrTot Crws CuTot CuWS HgTot HgWS NiTot NiWS PbTol PbWS SeTol Sews ZnTot Znws 
i (f,lwa) (tJ.g/a) (f,lwa) ! (J.tglg) Utglg) (J,lglg) (J,lglg) 1Wil(i) lfuOta) -fiiOIC) TuQio) rTal.Ota) (tJ.g/a) (f,lwa) CtJ.g/q) (uala) 
0.6 < 0.16 17.4 <0.32 20.5 <0.21 0.287 8.89 < 1.07 29.9 47.4 <0.27 
0.4 <0.16 <0.32 14.9 < 0.21 <0.06 8.94 < 1.07 <9 41.4 0.41 
0.4 < 0.16. 19.2 <0.32 12.7 <0.21 0.106 7.6 < 1.07 9.15 38.7 <0.27 
0.6 <0.20 22.8 <0.39 63.3 <0.26 0.382 0.02 15.1 < 1.31 83.6 99.8 1.05 
0.5 <0.22 <0.44 20.4 <0.29 <0.085 <0.022 12.3 < 1.45 <12 53.1 <0.36 
0.5 <0.21 12.1 <0.41 17.6 <0.27 0.151 < 0.021 7.82 < 1.37 <12 188 <0.34 
5.5 < 0.41 96.2 <0.82 183 <0.55 1.97 32.1 <2.74 194 260 1.01 
4.6 <0.30 56.8 <0.60 189 <0.40 1.682 0.057 18.3 <2.00 249 70 <0.50 
1.8 < 0.17 38.7 <0.35 94.4 <0.23 0.389 <0.017 22.3 < 1.16 97.8 68.1 0.36 
0.9 <0.15 <0.30 31.3 <0.20 0.36 <0.015 5.64 <0.99 48.8 38.3 <0.25 
0.6 < 0.15 12.2 <0.21 12.1 <0.21 0.164 <0.015 7.75 < 1.03 <8 23 <0.26 
0.7 <0.14 11.9 <0.28 7.96 < 0.19 <0.043 <0.014 <6 <0.94 <9 11.9 <0.23 
0.4 < 0.16 14.9 <0.32 17.5 <0.21 0.04 0.06 8.33 < 1.06 20.8 <0.2 36.1 1 
0.6 <0.18 18.1 <0.37 10.4 <0.25 0.09 < 0.019 7.97 < 1.23 <10 0.2 34 <0.31 
0.6 <0.37 11.8 <0.74 11.1 <0.50 <0.108 <0.017 9.83 <2.48 < 10 37.4 <0.62 
0.7 <0.16 15.1 <0.32 69.4 <0.21 0.3 < 0.016 10.2 < 1.07 82.4 83.7 <0.27 
0.6 < 0.16 <0.32 23.2 <0.22 0.29 0.022 10.7 < 1.08 27.9 47.9 <0.27 
0.4 <0.17 <0.34 9.7 <0.23 0.13 < 0.017 8.08 < 1.15 <8 33.4 <0.29 
3.2 <0.23 51.2 <0.45 221 <0.30 2.94 0.023 19.1 < 1.51 303 471 <0.38 
2.1 <0.17 20.8 <0.33 71.5 <0.22 0.28 0.078 15.1 < 1.12 64.3 123 <0.28 
1.6 < 0.18 13.2 <0.35 27.7 <0.24 0.025 12.4 < 1.18 13.7 63.5 <0.29 
<0.3 12.2 18 0.21 12.5 <8 53.4 
0.3 16.7 13.9 0.79 7.43 <7 37.9 
<0.2 <0.18 <0.36 18.2 <0.24 0.22 <5 < 1.21 22.9 42 <0.30 
0.4 <0.13 <0.27 51 <0.18 <0.013 22.2 <0.89 124 172 <0.22 
0.7 <0.15 9.84 <0.30 10.8 <0.20 0.16 < 0.Q15 <6 < 1.01 10.6 25 <0.25 
0.4 < 0.15 7.88 <0.30 13.7 <0.20 <0.015 11.2 < 1.01 <8 23.6 <0.25 
0.7 <0.17 19.5 <0.34 18.7 <0.23 0.49 < 0.017 14 < 1.13 9.07 42.1 <0.28 
3.9 <0.35 52.1 <0.70 162 <0.47 0.06 <0.035 13.8 <2.35 183 288 <0.59 
0.6 <0.20 13.2 <0.40 41.5 <0.26 0.03 <0.020 7.47 < 1.32 44.1 71.8 <0.33 
<0.3 <0.23 25.3 <0.46 22.7 <0.31 0.16 <0.023 12.4 < 1.54 <12 63.1 <0.38 
0.8 <0.17 16.9 <0.33 34.9 <0.22 0.391 < 0.017 10.4 < 1.11 170 180 <0.28 
<0.3 <0.16 20 <0.32 14 <0.21 0.157 < 0.Q16 11.7 < 1.06 <9 30.6 <0.26 
1.9 <0.46 30.9 <0.91 74.8 <0.61 0.232 <0.046 21.4 <3.05 73.2 110 <0.76 
1 <0.25 21.8 <0.50 46.1 <0.33 0.351 <0.025 18.2 < 1.66 47.8 82.2 <0.42 
2.5 <0.47 .41.8 <0.94 122 <0,62 0.257 <0.047 26.5 <3.12 119 127 <0.78 
0.7 <0.23 7.25 <0.45 21.7 <0:30 0.114 <0.023 8.7 < 1.51 15.3 41.1 <0.38 
0.4 <0.16 15.7 <0.33 14.1 <0.22 <0.047 9.21 < 1.09 <9 39.9 <0.27 
0.7 17.8 88 0.06 12 75.8 108 
<0.3 18.4 42.8 0.03 5.25 19.2 37 
". --
<0.3 21.1 42.4 0.12 14.6 14.6 64.3 
.. 
,..,.. 
\J1 
o 
Date 
10/8186 
1018/86 
1018186 
1018186 
1018186 
10/8/86 
1018186 
10/8186 
1018/86 
10/8/86 
10/8/86 
10/8/86 
1018/86 
Sample 
Location 
Sea·1 
Sea·2 
SC3-3 
C. Davis 5·1 
C. Davis 5·2 
C73-1 
C73·2 
C73-3 
C74·1 
C74·2 
C74-3 
Bird Refuge 1 
Bird Refuge 
Core Oil & GreaSE As Tot AsWS 
Depth (%) (jJ.glg) (l'QIg) 
0-7 1.3 14.8 
7·25 33.2 21 
25·30 0.77 21.6 
0-6 0.05 
6· 0.02 
0-6 0.01 
6 - 19 0.01 
19·26 0 
0·15 0.18 48.2 
15·22 0.16 40.7 
22-30 0.02 5.47 
0·16 0.34 
16-35 0.13 
Sediment Core Sample Oil and Grease and Metals 
edTot edWS CrTot Crws CuTot CuWS HgTot HgWS NiTat NiWS PbTot PbWS SeTo Sews ZnTot Znws 
(j.I.glg) (pglg) (jJ.glg) (J.lg/g) (jJ.gIg) (pglg) (Jl.glg) (p.g/g) 
• ClUJ/g) CL1Q/g) UtgIg) filglg) UtgIg) 1Jlgfg} ClUJ/g) (u.Q/g) 
1.9 14.5 52.3 1 10.2 125 143 
5.6 21.6 158 2.8 12.9 1035 425 
0.5 14.4 23 0.3 7.8 26.2 47.9 
0.6 23.3 41.7 0.17 18.2 70.7 93 
0.9 19.2 36.6 0.19 22.2 37 84.5 
0.4 7.35 0.1 10.5 11.3 14.2 
0.5 132 0.1 6.57 21 31.3 
0.7 11 0.09 5.78 15.6 13.9 
1.8 68.7 1980 0.17 32 128 238 
1.5 68.6 1436 0.2 26.6 84.1 437 
0.6 6.73 82.5 0.13 5.26 21.8 19.5 
2.1 48.7 114 0.55 26.3 98.4 157 
1.9 40 87.1 0.09 17.7 
--
_110 150 
Appendix C: Chlorophyll a, Light Extinction, and Algae 
Identification and Counts (number/liter) 
151 
Sample Chlorphyll Ext. Coeff Anabaena Anabaena Beaaiatoa centric tripalar Chaetoceros 
DATE Location a (u.aIL) (11m) sp. spiroides sp. diatoms diatoms muelleri 
7/25/86 0 - - t t t t t 2.2E+OS 
102 - - t t t t t 3.3E+06 
103 - - t t t t t 2.1E+OS 
104 
- - t 5.BE+03 t t t 1.BE+OS 
105 - - t t t t t 2.7E+OS 
10B 12 
- t t t t t 8.2E+05 
201 - - t t t t t 3.4E+OS 
202 
- - t t t t t 1.2E+OS 
203 13 
- t 1.1E+04 5.6E+03 t t 2.3E+OS 
204 27 
· t t 5.SE+03 t t 5.1E+OS 
205 - - t t t t t 1.SE+OS 
20S - - t t t t t 1.2E+OS 
207 · · t t t t t 4.1E+OS 
208 
-
- j" t t t t 3.7E+OS 
209 - - t 5.SE+03 1.7E+04 t t S.SE+OS 
210 · - t t t t t 2.1E+OS 
211 
- · t t 1.1E+04 t t 2.1E+OS 
212 - · t t t t t 2.7E+OS 
213 
· · t t t t t 1.9E+06 
214 5 
- t 5.SE+03 t t t 5.3E+OS 
215 
- - t t 5.SE+03 t t 2.0E+OS 
21B 
- · t t t 1 t 1.4E+OB 
217 -
· t t t 1 t 4.0E+OS 
218 
- - t t t 1 t 5.8E+06 
219 - - t t t t t 1.3E+07 
220 
- - t t t t 3.3E+06 
221 - - t t 1.4E+06 
222 
- - t 8.0E+05 
301 
· - t t 1.2E+07 
302 - - t t 1.1E+04 t 2.7E+06 
303 25 · t t t t 5.8E+06 
304 
· - t 1.1E+04 t t 3.0E+OB 
305 
- - t t t t 2.3E+06 
8/7/86 0 156 
- t 5.SE+04 1.1E+04 t t 1.9E+07 
101 87 
- t t t t t 2.2E+07 
102 2S 
- 5.SE+03 j" t t S.3E+06 
103 12 
- t t t t 2.1E+OS 
104 13 
- t 5.SE+03 t t 1.SE+06 
105 24 
- t t t t t 7.3E+05 
106 24 
- t t t t t 7.4E+OS 
201 91 
· t t t t t 2.8E+04 
202 2S 
- t 5.SE+03 t t t 7.8E+OS 
203 
- - t t t t t 1.2E+OS 
204 20 - S.SE+03 1.1E+04 t t 3.9E+06 
205 21 - t t t t 2.5E+OB 
20S - - t t 5.BE+03 t t 4.1E+OB 
207 2B - t t t t t 4.9E+OB 
208 
- -
t_ t t t t 7.0E+OB 
I 209 31 
- t t t t t 2.3E+06 
210 25 
- t t t t t 3.3E+06 
L -
211 23 
- t t t t 3.3E+OB 
212 38 
- t 5.SE+03 t t 2.9E+06 
213 19 
- t t t t 4.7E+06 
214 43 
- t t t t t 1.3E+07 
215 50 
- t t t t t 7.0E+OB 
216 35 
- t t 5.SE+03 t t 7.4E+OB 
217 1B 
- t t t t t 3.3E+06 
218 12 - t j t t t 2.2E+06 
219 38 
- t t t t t 2.1E+OS 
153 
SamDle Chlorohvll Ext. Coeff Anabaena Anabaena Be!lQiatoa centric tripelar Chaetoceros 
DATE Location a (llglL) (11m) sp. spiroides sp. . diatoms diatoms muelleri 
8/7/86 220 41 - t t 5.6E+03 t 6.4E+06 
(cont) 221 39 - t t t t t 3.7E+06 
222 41 
-
t t t t t 1.1E+04 
301 35 - t t t t t 3.SE+07 
302 85 - t . 2.2E+04 5.SE+03 t t 1.SE+07 
303 
- - t 1.1E+04 t_ t t 1.3E+07 
I 304 - - t t t t t 1.3E+07 
305 27 - t t t t t 4.9E+05 
8/21/8S 0 71 -0.81 t t 1.1E+04 t t 5.8E+07 
~ - t t 1.1 E+04 t t 2.9E+07 -0.33 I t t 1.1 E+04 t t 1.4E+07 
103 45 
- t t 2.2E+04 t t 9.1E+OS 
104 70 
- t t 2.8E+04 t t 6.4E+OS 
105 27 - t t 1.1E+04 t t 8.6E+06 
106 56 -0.12 t t t t t 9.1E+06 
201 167 - t t 6.7E+04 t t 3.5E+07 
202 76 
- t 1.1E+04 2.8E+Oq t 2.4E+07 203 79 -0.21 t t 3.3E+0 t ~ 204 42 - t 5.6E+03 1.1E+04 t t 07 
205 52 
- t 2.2E+04 1.1E+04 t t 3.9E+07 
206 72 -0.19 1 t 1.7E+04 t t 7.1E+06 
207 86 - 1 1.1E+04 1.7E+04 t t 2.2E+07 
208 51 - 1 t t t t 
• 
209 54 -0.20 t t t t t 8. 
210 58 
- t t t t t 2. 
211 57 
-
t t t_ t t 06 
212 57 -0.21 t t 5.6E+03 t t . E+06 
213 81 
- t t 1.1E+04 t t 1.9E+07 
214 61 
- t t t t t 3.7E+OS 
215 36 -0.15 t t 1.7E+04 t t 8.8E+06 
216 90 - t t t t t 3.4E+06 
217 28 
- t t t_ t I 19'5E~6 218 18 - t t t t 
219 22 - t t t t 9.9E+06 
220 46 
- t t 5.6E+03 t 1.0E+07 
221 78 - t t I ~ "'~ 03 t t 1.6E+07 
222 60 -0.28 t t t t 7.5E+06 
301 158 - t 2.2E+04 5.6E+04 t t ·6.4E+07 
302 93 
- 1.1E+04 3.8E+05 t 2.9E+07· 
303 148 
- 1.1E+04 t t 5.0E+07 
304 104 - 5.6E+04 t t 9.3E+06 
305 110 
- t t t t t 2.9E+06 
9/4/86 0 91 -0.26 t 2.2E+05 t t t 3.9E+07 
101 71 . t 5.6E+03 t t t 6.2E+06 
102 64 -0.26 t t t t t 4.9E+06 
103 43 - t 5.6E+03 t t t 3.7E+06 
104 22 . t 1.1E+04 t t t 5.9E+06 
l ~ 
106 21 -0.21 t 5.0E+04 t t t 1.0E+07 
201 58 -0.26 t t t t t 7.6E+06 
202 69 - t t I t t t 2.9E+06 
203 39 
- t t I t t t 1.2E+06 
204 57 -0.21 t 4.4E+04 t t t 1.0E+07 
205 59 - t t t t t 2.1E+06 
206 51 - t t t t t 9.9E+06 
207 81 -0.50 t j. t t t 1.6E+06 
:i=H1 - t t t t t 1.6E+06 2 53 - t t t t t 7.9E+05 21 48 -0.28 t t t t t 8.2E+05 
154 
Sam~le Chlorohvll Ext. Coeff Anabaena Anabaena Beggiatoa centric tripolar Chaetoceros 
DAlE Location a (IJ.Q/L) (11m) sp. sQiroides sP. diatoms diatoms muelleri 
9/4/86 211 54 - t 1.7E+04 t t t 1.9E+07 
(cont) 212 63 - 5.6E+03 2.2E+04 5.6E+03 t t 2.1E+07 
213 63 -0.23 t 3.3E+04 t t t 2.6E+07 
214 53 - t t t t t 6.6E+06 
215 76 - t t t t t 1.2E+06 
216 74 -0.26 t 3.3E+04 t t t 3.1E+06 
217 64 - t t t t t 5.2E+06 
218 28 
- t t t t t 1.2E+06 
219 32 -0.17 t t t t t 3.3E+05 
220 48 - t 1.1E+04 t t t 4.5E+06 
221 26 - t t t t t 4.2E+05 
222 25 -0.19 t t t t t 8.6E+OS 
301 88 
- t t t t t 1.9E+07 
302 78 -0.23 t t t t t 6.6E+06 
303 7S 
- t t t t t 8.2E+OS 
304 7S 
- t t t t t_ 1.0E+07 
! 305 88 -0.40 t t t t t S.3E+OS 
9/23/8S 0 75 -0.34 t t t j t 4.9E+OS· 
102 74 -0.24 1.7E+04 t t t t 1.SE+06 
103 47 
-
5.SE+03 t 5.SE+03 t t 5.2E+OS 
104 73 - t t t j t 2.1 E+OS 
10S 33 -0.56 1.1E+04 t 1.7E+04 t j 1.1E+07 
202 51 
- t t t t . t 1.9E+OS 
203 28 
- t t t t t 5.8E+OS 
204 29 -0.45 1.7E+04 t t t t 1.9E+OS 
207 37 -0.S2 1.7E+04 t t t t 1:4E+07 
210-1 84 -0.97 t t t t t 1.SE+OS 
210-2 84 -0.97 t t t t t 3.2E+06 
213 47 -0.39 t t t t t 2.5E+06 
216 88 -0.21 t t t t t 2.6E+OS 
219 - -0.12 t t t t t 2.7E+06 
222 31 -0.13 3.3E+04 t t t t 2.1 E+07 
301 97 
- t t t t t 5.3E+OS 
302 115 -0.20 t t t t t 2.5E+OS 
304 47 - t t t t j 2.2E+OS 
305 59 -0.28 1.1E+04 t t t t 1.2E+07 
10/23/8S 0 64 - t t. t t 2.7E+06 1.7E+07 
101 68 
- t t t t 4.5E+OS 5.8E+06 
103 49 
- t t t t 2.9E+06 3.4E+OS 
104 37 
- t t t t 4.9E+05 3.3E+OS 
10S 33 
- t t t t 1.0E+OS S.2E+OS 
201 4S - t t t t 4.9E+05 6.3E+06 
202 58 - t t t t 1.6E+OS S.3E+OS 
203 57 
- t t t t 1.0E+06 7.0E+OS 
204 43 
- t t t t 1.2E+06 1.0E+07 
207 40 -0.21 t t t t 1.0E+OS 1.2E+07 
210 43 - t t t t 9.SE+05 7.9E+OS 
213 68 
- t t t t 5.1E+OS 6.SE+OS 
21S 55 -0.21 t t t t 2.1E+05 3.7E+06 
217 
- - t t t t 2.2E+05 2.3E+07 
222 37 - t t t t 4.9E+05 5.2E+OS 
301 67 
- t ·t t t 1.9E+OS 9.7E+06 
302 34 - t t t t 1.7E+04 1.6E+07 
304 46 
- t t t t 8.2E+05 4.3E+06 
305 45 
- t t t t 3.1E+06 1.0E+07 
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tri olar Chaetocero 
diatoms muelleri 
2.BE+07 2.9E+OB 
2.0E+07 2.SE+OB 
1.7E+07 1 
1.1E+07 8. 
1.7E+07 1. 
l ~ 
Samols Chlamvdomona~ Eualena Dunalislla Glenodinium Glenodinium 
DATE Location sp. Chrvsoohvte so. viridis' so. 1 so. 2 
7/25/86 0 t t 2.8E+04 t t t 
102 t t t t f -f 
103 t t 1.1E+04 t t t 
104 t t . t t t t 
105 t t t t f 
10S t t t t t 
201 t t 5.SE+03 t t 
202 t t t f f t 
203 t t 1.7E+04 t t f 
204 t t 5.SE+03 f t t 
205 t t 5.SE+03 t f + 
206 t t 2.SE+04 f t f 
207 t t 1.7E+04 t t t 
208 t 2.2E+04 t t t 
209 t 4.4E+04 f f t 
210 t 3.3E+04 t t t 
211 t t 1.7E+04 t t t 
212 t t 1.7E+04 t t t 
213 t t 1.1E+04 t t t 
214 t t 5.6E+03 t t t 
215 t 5.SE+03 f f t 
216 t 1.1E+04 t t -f 
217 t to 5.6E+03 t t t 
218 t t S.6E+03 t t t 
219 t t 3.3E+04 t t t 
220 t t 1.1E+04 t t t 
221 t t 2.2E+04 t t t 
222 t t 6.1E+04 f f t 
301 t f t t t t 
302 t t 6.1E+04 t t t 
303 t t 5.6E+04 t t t 
304 t t 2.2E+04 t t t 
305 t t 1.7E+04 S.SE+03 t t 
Sm8S 0 t t 1.7E+04 of f t 
101 t 1.7E+04 -f f 5.SE+03 
102 f 5.6E+04 t t 5.SE+03 
103 t 1.1E+04 t t t 
104 t t 2.2E+04 t t 
10S t 1.7E+04 t 
10S S.6E+03 t 
201 t t 
202 + 1.1 E+04 t t t 
203 t t 5.SE+03 t t t 
204 t t 1.7E+04 t t + 
205 t t S.6E+03 t t t 
206 t t S.SE+03 -f t f 
207 t t 5.6E+03 t -f t 
208 t t S.6E+03 t t t 
209 t t 1.7E+04 t t t 
210 t t 5.SE+03 t f + 
211 t t 1.1E+04 t t t 
212 t t 5.SE+03 t t t 
213 t t 1.7E+04 t t t 
214 t f 3.3E+04 t t t 
215 t t 3.9E+04 t t t 
216 t f 4.4E+04 t t t 
217 t t 1.1E+04 t t t 
218 t t S.OE+04 t -f t 
219 t t 3.3E+04 t t t 
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Sample Chlamydomonas Il:uglena Dunaliella Glenodinium Glenodinium 
DATE I.ocation SQ. Chrvsophyte sP. viridis sp. 1 SP. 2 
SI7IS6 220 t t S.7E+04 t t t 
(cont) 221 t t 1.1E+04 t t t 
222 t t t t t t 
301 t t 1.2E+OS t t t 
302 t t 1.7E+04 t t t 
303 t t 1.7E+04 t t t 
304 t t 5.SE+04 t t t 
30S t t t t S.6E+03 t 
8/21/86 0 t t 1.1E+04 j S.6E+03 3.3E+04 
101 t t 4.4E+04 t 2.2E+04 t 
102 t t 3.3E+04 t 1.7E+04 t 
103 t t 1.7E+04 t t t 
104 t t S.6E+03 t t 1.1E+04 
10S t t 1.1E+04 t 1.7E+04 t 
10S t t 1.1E+04 t 1.7E+04 t 
201 t t S.6E+04 t j 3.3E+04 
202 t t 1.1E+04 t t 1.1E+04 
203 t t t t t t 
204 t t t t f t 
205 t t 2.SE+04 t t 3.9E+04 
20S t t 4.4E+04 t 1.7E+04 1.1E+04 
207 t t S.OE+04 t t t 
20S t t 1.11:+04 t t t 
209 t t t t t t 
210 t t S.SE+03 t_ 2.2E+04 t 
211 t t S.6E+03 t 1.7E+04 1.7E+04 
212 t t 2.SE+04 t S.OE+04 t 
213 t t 2.2E+04 t t t 
214 t t 5.SE+03 t t t 
215 t t S.1E+04 t t 1.2E+05 
216 t t t t 3.9E+04 1.1E+04 
217 t t 5.SE+04 t t 1.1E+04 
218 t t 4.4E+04 t 1.1E+04 
219 t t 2.SE+04 t t 
220 t t 1.7E+04 1.7E+04 1.7E+04 
221 t t 7.81:+04 t t 5.6E+03 
222 t t t t 1.1E+04 1.1E+04 
301 t t S.SE+03 t t S.6E+03 
302 1.1E+04 t t S.6E+03 
303 2.2E+04 t t 2.8E+04 
304 2.2E+04 t t t 
305 t 1.7E+04 t t t 
9/4/8S 0 t 3.SE+OS t t S.6E+03 t 
101 t t t t t 4.4E+04 
102 t S.6E+03 t t 1.1E+04 t 
103 t t t t j' 2.2E+04 
104 t t t t t 1.3E+OS 
106 t t t t t 1.2E+OS 
201 t S.6E+04 t t t S.SE+04 
202 t t t 2.2E+04 L ~ 
203 t t t 7.8E+04 
204 2.8E+04 t t 1.7E+OS 
205 t t t t t t 
20S t S.6E+03 5.SE+03 t S.SE+03 S.OE+04 
207 j t t t t S.6E+03 
208 t t t t t S.SE+03 
209 t t t t t S.6E+03 
210 t t t t t t 
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Sample Chlamvdomon8.$ Euglena Dunaliella Glenoclinium Glenodinium 
DATE Location sp. Chrvsophyte sP. viridis sp. 1 sp.2 
9/4/86 211 t t S.6E+03 i 1.1E+04 2.4E+OS 
(cont) 212 t t t t t 1.3E+05 
213 t t t f-t t 5.0E+04 214 t t t 1.1E+04 t 
215 t t t t 5.6E+03 1.1E+04 
216 t t t t 1.7E+04 4.4E+04 
217 t t t t 2.2E+04 1.2E+05 
218 t t t t t 1.2E+OS 
219 t t t t t t 
220 t t t t 2.SE+05 
221 t t t=t t t 222 t t t t 301 t 2.SE+05 t t 1.1 E+OS 
302 t t t t t 1.7E+04 
303 t t t t S.6E+03 1.1E+04 
304 of 2.8E+04 t t t S.6E+04 
305 t t t t t t 
, 9/23/86 0 t t t t t 3.3E+04 
102 t t t t t 7.2E+04 
103 t t t t S.6E+03 3.9E+04 
104 t t t t t 4.4E+04 
106 t t 5.6E+03 t 1.1E+04 1.7E+04 
202 t t t t S.6E+03 1.1E+04 
203 t t t t 1.7E+04 4.4E+04 
204 t t t t 2.2E+04 S.6E+03 
207 t t t t UE+04 1.1E+04 
210-1 t t t t 2.1E+OS 
210-2 t t t 5.6E+03 1.1E+04 
213 t t t I S.6E+03 2.2E+OS 
216 t t t t t 2.8E+04 
219 t t t t t 4.4E+04 
222 t t t t 7.2E+04 S.6E+03 
301 t t t 7.8E+04 
302 t t t 7.8E+04 
304 t t t 3.9E+04 
305 t t t t t 4.4E+04 
10/23/86 0 t t t t 2.8E+04 1.7E+04 
101 t t t t t 3.9E+04 
103 t t t· t 2.8E+04 2.8E+04 
104 t t t t S.6E+03 2.BE+04 
106 t t t t t 2.BE+04 
201 t t t of 5.0E+04 8.9E+04 
202 t t t t 5.6E+03 S.OE+04 
203 t t t t 1.1E+04 2.8E+04 
204 r= 5.6E+03 t S.6E+03 t 2.8E+04 3.3E+04 
207 t t t t 3.9E+04 S.6E+03 
210 t t t t 3.8E+05 S.6E+03 
213 t t t t t 2.8E+04 
216 t t t t t S.6E+03 
217 t t t t 1.1E+04 2.2E+04 
222 t t t t t 1.1E+04 
301 t t t t 2.8E+04 3.3E+04 
302 t t t t 1.7E+04 2.2E+04 
304 t t t t 1.1E+04 2.2E+04 
305 t t S.6E+03 t 4.4E+04 3.9E+04 
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Sample Marismopedia Nitzschia Nodularia Ooovstis Oscillatoria Oscillatoria cannata 
DATE Location glauca acicularis spumigenia sp. agardhii sp. diatoms 
7/2S/8S 0 t 2.SE+OS 4.SE+OS 5.2E+05 t t 3.7E+05 
102 t 5.2E+05 2.3E+OS 5.0E+05 t t 1.7E+05 
103 t 4.7E+05 1.4E+OS 4.0E+05 t t 2.1E+05 
104 t 9.SE+05 2.2E+OS 1.8E+05 t t 2.SE+05 
105 t 7.3E+OS 2.1E+OS S.2E+OS t t 2.1E+05 
10S t 1.SE+OS 4.2E+OS 2.1E+05 t t 5.SE+04 
201 t 2.1E+OS 2.SE+06 S.7E+04 t t 2.0E+OS 
202 t 5.7E+OS 1.3E+OS 4.4E+OS t . t 2.1E+OS 
203 t 9.8E+05 S.9E+05 3.3E+OS t t 1.2E+OS 
204 t 5.2E+05 S.SE+05 S.2E+05 t t 2.8E+04 
20S t 1.9E+OS 8.0E+OS S.OE+OS t t 1.2E+OS 
20S t 1.0E+OS 1.0E+OS 7.8E+OS t t 9.SE+04 
207 t 5.0E+04 S.SE+OS 4.SE+05 t t 4.4E+04 
20S t 1.7E+OS 3.9E+OS 2.9E+05 t t 3.3E+04 
209 t 2.8E+OS 7.1E+05 S.3E+OS t t 5.GE+04 
210 t 2.9E+OS 1.7E+OS S.9E+OS t t 2.2E+05 
211 t 1.7E+OS e.4E+OS S.3E+OS t t 3.9E+04 
212 t 2.1E+OS e.SE+OS 4.SE+OS t t 4.4E+04 
213 t 1.SE+05 7.7E+05 5.2E+OS t t 7.2E+04 
! 214 t .4.7E+OS 5.9E+OS S.SE+OS t t 7.8E+04 
21S t 1.8E+05 9.9E+05 3.8E+OS t t 8.3E+04 
21S 2.7E+05 7.8E+OS S.OE+05 t t 9.5E+04 
217 3.SE+OS 1.0E+06 S.SE+OS t t 1.7E+05 
218 2.8E+OS 7.2E+05 4.4E+OS t t 1.1E+05 
219 t 2.4E+05 7.0E+05 4.7E+OS t t 1.4E+05 
220 t 2.7E+OS 1.1E+oe S.1E+OS t t 1.4E+05 
221 t 3.3E+05 1.1E+Oe S.9E+OS t t 1.3E+05 
222 t 1.9E+OS 6.1E+05 1.4E+OS t t 1.7E+05 
301 t 2.9E+06 2.3E+06 1.9E+OS t t 2.SE+05 
302 t 6.3E+OS 2.4E+06 2.3E+OS t S.6E+03 2.9E+05 
303 t 2.8E+OS 4.3E+OS 8.SE+OS t t 7.7E+05 
304 t 2.7E+OS 2.7E+06 5.SE+05 t t 1.9E+05 
305 t 2.0E+OS 1.4E+OS 4.1E+05 t t 7.8E+04 
81718S 0 t 3.3E+06 1.SE+OS 3.2E+05 t 1.5E+05 6.1E+OS 
101 t 4.2E+OS 1.SE+OS 1.SE+OS t 5.6E+05 8.7E+05 
102 t 1.4E+OS 1.0E+OS 3.1E+OS t 2.8E+04 1.9E+05 
103 t 5.1E+05 7.2E+OS 2.SE+05 t 1.1E+04 2. 1 E+05 
104 t 7.8E+04 S.9E+OS 3.SE+05 t t 2.2E+05 
10S t S.OE+04 7.3E+OS 4.6E+05 t 5.SE+03 8.9E+04 
10S t 2.8E+04 7.8E+05 4.4E+05 t t 1.8E+05 
201 t 3.1E+OS 1.3E+OS 3.7E+05 S.SE+03 1.2E+OS 1.3E+05 
202 t 1.1E+OS 1.2E+OS 3.2E+OS t t 7.8E+04 
203 t 8.3E+04 7.7E+05 3.2E+05 t t S.OE+04 
204 t 9.SE+04 7.1E+05 4.3E+05 t 1.7E+04 1.7E+05 
205 t 1.1E+04 9.1E+OS 3.4E+05 t t 1.4E+OS 
20S t 1.7E+04 S.4E+OS 3.8E+05 t 1.0E+05 3.3E+04 
207 t S.1E+04 7.7E+OS 3.2E+OS t t 1.1E+04 
208 t S.OE+04 S.8E+05 4.4E+OS t t 8.9E+04 
209 t 1.7E+04 9.7E+OS 4.SE+OS 5.SE+03 5.6E+03 6.1E+04 
210 t 1.1 E+04 7.0E+05 4.1E+OS t 1.7E+04 1.4E+OS 
211 t 1.7E+04 S.1E+05 8.0E+OS t t 1.7E+05 
212 t 1.1E+04 S.SE+05 5.8E+05 t t S.7E+04 
213 t 2.8E+04 8.5E+05 5.3E+05 t S.6E+03 1.7E+OS 
214 1.7E+04 2.1E+05 S.7E+05 4.4E+05 t t 1.4E+05 
21S t 1.3E+05 8.2E+OS 3.SE+OS t t 1.2E+05 
216 t 1.7E+05 7.5E+05 3.7E+OS t 1.1E+04 1.0E+05 
217 t 1.8E+OS 8.3E+OS 3.SE+05 S.SE+03 t 7.8E+04 
218 S.SE+03 3.2E+OS 9.SE+05 2.2E+05 t t 8.9E+04 
219 t 2.9E+OS 8.SE+OS S.3E+OS t t 8.3E+04 
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Sample Merismopec:jia Nitzschia Nodularia Oocystis Oscillatoria Oscillatoria pennate 
DATE Location glauca acicularis spumigenia sp. agardhii sp. diatoms 
817186 220 t 3.SE+OS 1.0E+OS 4.9E+OS S.SE+03 t 1.1E+05 
(cont) 221 t 1.4E+OS 7.9E+OS 3.8E+OS t 3.3E+04 1.1E.j..OS 
222 t 1.9E+OS S.1E+OS 3.9E+OS S.SE+03 1.7E+04 1.SE+OS 
301 t S.4E+OS 1.9E+OS 1.3E+OS S.6E+03 2.SE+OS 8.6E+OS 
302 t 2.SE+OS 1.SE+OS 2.SE+OS t 4.4E+OS 1.2E+OS 
303 t 1.SE+OS 1.7E+OS 1.2E+OS t 2.SE+OS 1.SE+OS 
304 t 3.9E+OS 1.SE+OS 9.SE+04 t 3.3E+04 1.SE+OS 
30S t 3.9E+04 1.1E+OS 1.1E+OS t 1.7E+04 1.6E+OS 
8121/86 0 t 6.1E+OS 1.3E+OS 7.SE+OS t 3.1E+OS 1.2E+06 
101 t 1.2E+OS 1.SE+OS 1.2E+OS t 6.7E+04 7.SE+OS 
102 t 2.0E+OS 1.1E+06 8.1E+OS S.6E+03 5.6E+04 4.SE+OS 
103 
-±- 4.3E+05 1.3E+06 2.8E+04 S.SE+03 1.7E+04 6.1E+OS 
104 t 7.1E+OS 1.0E+OS 3.4E+OS t 7.8E+04 S.9E+OS 
10S t S.8E+OS 9.SE+OS 4.3E+OS t 2.SE+OS 2.8E+OS 
106 t 1.SE+OS S.9E+OS 4.9E+OS 1.1E+04 1.7E+OS S.1E+04 
201 t S.2E+OS 1.7E+06 1.3E+OS 1.1E+04 1.7E+OS 1.SE+OS 
202 t 1.2E+OS 1.7E+OS 7.2E+OS 1.1E+04 S.6E+04 2.7E+OS 
203 t 2.3E+06 1.2E+OS S.2E+OS 1.7E+04 1.1E+04 2.9E+OS 
204 t 2.4E+OS 1.1E+OS 3.9E+OS t 3.8E+OS 1.9E+OS 
20S t 1.4E+OS 7.1E+OS 2.3E+OS 2.8E+04 1.SE+OS 2.8E+04 
206 t 9.1E+OS 1.1E+06 8.0E+OS S.6E+OS 1.7E+OS 1.0E+OS 
207 t 7.2E+04 4.1E+OS 3.8E+OS 1.1E+04 t 8.9E+04 
208 t S.OE+04 S.1E+OS S.2E+OS S.6E+03 t S.6E+03 
i 209 t 3.9E+04 S.3E+05 S.8E+OS t t 3.3E+04 
210 t 1.1E+04 4.2E+OS 4.2E+OS t 1.1E+04 1.1E+OS 
211 t S.1E+04 S.9E+OS S.8E+OS t S.6E+03 2.8E+04 
212 t 1.1E+04 S.3E+OS S.6E+OS S.6E+03 t 6.7E+04 
213 t 2.8E+04 1.2E+OS S.7E+OS t S.6E+03 S.6E+04 
214 t 1.1E+04 9.8E+OS 7.1E+OS t 1.1E+04 2.8E+04 
21S t 1.1E+04 4.3E+OS S.3E+OS t_ S.6E+03 4.4E+04 
21S t 2.8E+04 S.7E+OS 4.9E+OS t 1.1E+04 1.0E+OS 
217 t 1.1E+04 S.8E+OS S.1E+OS t 1.1E+04 8.9E+04 
218 t 1.1E+04 S.6E+OS S.4E+OS S.SE+03 t 1.1E+OS 
219 t 1.1E+04 7.8E+OS 6.7E+OS t 3.9E+04 3.3E+04 
220 t t 8.SE+OS S.2E+OS t 1.7E+04 6.7E+04 
221 t 6.7E+04 8.6E+OS 1.SE+OS 1.1E+04 9.0E+OS 3.2E+OS 
222 t 7.8E+04 1.2E+OS S.4E+OS 1.1E+04 2.8E+OS 2.0E+OS 
301 t t 1.4E+OS 3.SE+OS 1.7E+04 S.2E+OS S.4E+OS 
302 1 8.3E+04 1.3E+OS S.4E+OS S.6E+03 1.7E+04 t 
303 1 8.9E+04 1.SE+OS 9.1E+OS 2.8E+04 S.SE+04 3.9E+OS 
304 1 1.6E+OS 2.2E+OS 6.1E+05 3.3E+04 3.3E+04 1.3E+OS 
30S t 2.8E+04 1.8E+06 4.4E+OS 1.1E+04 1.1E+04 1.7E+OS 
9/4/86 0 t 4.4E+OS 6.8E+OS 3.2E+06 t S.OE+07 1.0E+OS 
101 t 1.9E+06 9.1E+OS 3.SE+06 3.3E+04 1.3E+06 8.SE+OS 
102 t 1.7E+OS 7.0E+OS 3.4E+06 t 7.6E+OS 1.1E+OS 
103 t S.SE+OS S.7E+OS 2.4E+OS t 9.SE+05 7.1E+05 
104 t 3.3E+06 3.8E+OS 2.0E+06 t 1.2E+OS 4.2E+OS 
10S t 2.1E+OS S.OE+OS 1.2E+OS t 9.9E+06 2.1E+OS 
201 t 1.3E+OS 8.1E+OS 4.9E+OS t 2.SE+07 S.4E+OS 
202 t 7.8E+04 8.0E+OS 1.8E+06 t 1.2E+06 8.9E+04 
203 t 7.SE+OS 7.SE+OS 2.0E+06 t S.9E+OS 2.9E+OS 
204 t 1.3E+OS 1.0E+()6 3.0E+06 t 1.8E+07 7.SE+OS 
20S t 3.2E+OS 8.3E+OS 1.0E+06 t 1.1E+OS 1.6E+OS r -
206 t 1.SE+OS S.7E+OS 2.7E+06 t 1.8E+06 4.SE+OS 
207 t . 1.1E+OS 3.7E+OS 2.2E+06 t 1.2E+OS 1.7E+OS 
208 t 1.SE+OS S.3E+OS 1.9E+OS t 1.9E+OS 1.3E+OS 
209 t 1.0E+OS 2.4E+OS 1.1E+OS t 1.SE+OS 1.1 E+OS 
210 t 3.1E+OS S.7E+OS 2.1E+06 t 1.2E+OS 2.2E+04 
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Sample Merismopedia Nitzschia Nodularia Oocvstis Oscillatoria Oscillatoria pennate 
DATE Location glauca acicularis spumiQenia sp. aaardhii sP. diatoms 
9/4/86 211 t 2.3E+OS 1.1E+06 3.1E+06 t 1.SE+07 4.8E+OS 
(cont) 212 t 4.9E+OS 8.1E+OS 2.6E+06 t 2.4E+07 1.8E+OS 
213 t 2.9E+OS 9.SE+OS 2.9E+06 t 2.8E+07 2.6E+OS 
214 t 2.8E+OS 1.2E+06 2.8E+06 t 1.7E+04 3.3E+04 
21S t 1.1E+OS S.SE+05 1.7E+OS t 2.0E+OS 3.9E+04 
21S t 4.2E+OS 4.8E+OS 2.SE+OS t 7.8E+OS 1.3E+OS 
217 t 2.7E+OS S.SE+OS 2.8E+OS t 1.2E+OS 4.3E+OS 
218 t 1.3E+OS 4.3E+05 2.3E+OS t 1.4E+OS 7.8E+04 
219 I t 4.4E+04 2.4E+OS 1.1E+OS t 2.8E+04 1.7E+04 
220 t 1.4E+OS 8.3E+04 1.3E+OS t 3.SE+OS S.OE+04 
221 t 1.0E+OS 9.SE+04 1.3E+OS t 2.8E+04 S.SE+03 
222 t 6.7E+04 3.1E+OS 2.2E+OS t 7.2E+04 4.4E+04 
301 t 4.1E+OS 1.3E+OS 3.3E+OS t 2.1E+OS 3.4E+OS 
302 t 1.8E+OS 1.1E+OS 3.2E+OS t 1.0E+OS 4.4E+OS 
303 t. 2.2E+OS 1.7E+OS 3.7E+OS t 1.2E+06 1.8E+OS 
304 t 2.4E+OS 1.1E+OS 3.7E+OS t t 1.7E+OS 
305 t 1.2E+OS 1.4E+OS 3.9E+06 t 2.9E+05 7.2E+04 
9123/86 0 t 2.3E+07 8.0E+OS 9.3E+OS 5.SE+03 6.SE+OS 2.3E+05 
102 t S.8E+05 7.5E+05 9.5E+OS t 2.4E+OS 2.1E+05 
103 t 8.SE+OS S.9E+OS 1.1E+07 t 1.1E+OS 1.SE+05 
104 t 8. 5 E+OS 9.8E+OS B.SE+OS t 1.BE+OS 2.SE+05 
10S t 8.SE+OS 1.2E+OS 1.4E+07 t 1.7E+OS 1.8E+OS 
202 t 1.0E+OS 8.1E+05 9.SE+OS t 2.3E+OS 1.7E+OS 
203 t 1.sE+06 1.5E+OS 1.3E+07 t 1.2E+OS 2.3E+OS 
204 t 1.8E+OS 9.3E+OS 9.3E+06 t 2.2E+05 1.3E+OS 
207 t 7.4E+05 1.SE+06 1.3E+07 t 1.3E+OS 2.2E+05 
210-1 t 2.7E+07 8.8E+05 S.4E+06 S.SE+03 4.1E+05 2.9E+OS 
210-2 t 8.0E+OS 1.1E+OS 7.4E+OS t 1.9E+OS 1.9E+05 
213 t 1.9E+OS 1.7E+OS 9.7E+OS 1.1E+04 2.8E+05 3.8E+OS 
21S t 8.2E+05 9.2E+OS 8.0E+OS 1.7E+04 1.7E+05 2.1E+05 
219 t 8.0E+05 S.2E+OS 1.2E+07 t 2.8E+04 7.2E+04 
222 7.2E+04 1.3E+05 2.9E+05 4.4E+OS 5.SE+03 1.0E+OS 1.SE+OS 
301 t 3.5E+07 1.1E+OS 9.1E+06 t 1.2E+OS 4.3E+05 
302 t 3.7E+07 1.1E+OS 8.SE+OS t 8.0E+OS 2.7E+OS 
304 t 1.9E+OS S.2E+OS S.2E+OS 1.1E+04 1.3E+OS 3.7E+05 
305 t 2.1E+06 1.3E+OS 9.SE+OS t 1.3E+06 8.3E+04 
10/23/86 0 t . S.SE+06 1.SE+OS 1.7E+07 t 9.9E+OS 1.7E+04 
101 t 1.0E+07 9.SE+OS 1.2E+07 t 9.1E+OS 4.4E+04 
103 S.SE+03 S.SE+OS S.7E+OS 8.0E+OS t 7.SE+OS 7.8E+04 
104 t S.SE+OS S.9E+OS 1.SE+07 t 2.1E+OS 9.SE+04 
106 t 2.SE+OS 1.2E+OS 1.9E+07 t 1.3E+07 2.1E+OS 
201 t 1.1E+07 S.7E+05 1.SE+07 j 1.1E+07 1.0E+05 
202 t 3.9E+OS 1.4E+OS 2.0E+07 t 1.0E+07 1.9E+OS 
203 t S.SE+06 1.9E+06 1.3E+07 t 9.9E+OS 3.3E+05 
204 t 2.1E+OS 1.2E+OS 1.4E+07 t . 9.9E+OS 1.0E+OS 
207 t 4.9E+OS 9.SE+OS 1.1E+07 t 4.5E+OS 8.3E+04 
210 t 2.9E+OS 2.3E+OS 1.1E+07 t S.BE+OS 2.8E+04 
213 t S.2E+OS 3.2E+OS 2.0E+07 t 9.1E+OS 1.3E+OS 
21S t S.SE+OS 1.SE+OS 2.3E+07 t 8.0E+OS 1.2E+05 
217 t S.SE+OS 1.4E+OS 1.8E+07 t 1.SE+07 3.9E+04 
222 2.2E+04 7.4E+OS 1.SE+OS 9.9E+OS t S.9E+06 S.6E+03 
301 t 1.1E+07 1.1E+oS 1.SE+07 t 1.0E+07 7.2E+04 
302 t S.2E+OS S.8E+05 9.SE+06 t 4.SE+OS 1.2E+OS 
I 304 t S.1E+OS 1.SE+OS 2.1E+07 t 7.8E+06 1.9E+OS 
I 30S t 7.0E+OS 1.0E+OS 2.3E+07 t 9.1 E+06 1.7E+OS 
163 
Sample Merismopedia Nitzschia Nodul cystis Oscillatoria Oscillatoria oennate 
DATE Location glauca acicularis s sp. aaardhii sp. diatoms 
12122186 0 t t S.7E+04 4.1E+OS t 3.3E+04 6.7E+04 
203 t 2.2E+05 2.SE+05 S.3E+OS t 2.SE+05 8.3E+04 
207 t 5.2E+OS 1.SE+OS S.8E+OS t 4.4E+04 1.SE+05 
212 t 3.2E+OS 2.SE+OS 2.3E+OS t 8.3E+04 1.1E+05 
302 t 8.9E+04 1.SE+OS 2.3E+OS t 5.0E+04 1.1E+04 
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Sample Pediastrum Peridinium Scenedesmus Spirulina Ihalassiosira TOTAL 
DATE Location duplex s). Quadricauda major weisflogii I(Mllllon cells/L 
7/25/86 0 t t t 1.SE+OS 9.3 
102 t t 1.7E+04 t 6.7 
103 t t t t 4.S 
104 t j" t 1.7E+04 3.3 
105 t t t 1.1E+04 4.4 
106 t t t t 3.1 
I 201 t t t 2.SE+06 10.9 
202 t t t 1.1E+04 t 3.8 
203 S.6E+03 t 4.4 
204 t 5.6E+03 7.0 
20S 5.6E+03 S.SE+03 3.2 
206 S.6E+03 t 3.2 
207 , 1.7E+04 t 5.3 
208 t t t t S.6E+03 4.6 
209 t t t 1.1E+04 8.3 
210 t t 5.6E+03 5.0 
211 t t t 3.5 
212 t t t t 4.1 
213 t t t t j" 3.4 
214 t t t t t 7.2 
215 t t t 5.SE+03 t 3.S 
216 t t t t t 3.2 
217 t t t 1.7E+04 t 6.1 
218 t t t 1.1E+04 t 7.3 
219 t t t t 2.2E+04 14.8 
220 t t t 1.1E+04 t 5.3 
I 221 5.6E+03 t t 1.7E+04 t 3.6 
222 t t t 1.1E+04 t 2.0 
301 t t t t 4.6E+06 22.5 
302 t t t 5.SE+03 1.7E+05 6.5 
303 t t t t 1.1E+04 12.0 
304 t t t 1.1E+04 t 6.8 
305 t_ j" t t 5.6E+03 4.4 
817186 0 t t t 5.6E+03 S.6E+06 31.8 
101 t t t 5.6E+03 7.7E+06 37.2 
102 t t t t 7.2E+04 8.4 
i 103 t t t 5.6E+03 t 3.8 
104 t t t 1.1E+04 t 3.0 
105 _t t t t 2.1 
106 t t 5.6E+03 t 2.2 
201 l- t t t 1.1E+06 18.5 
202 t t t t 5.2E+05 11.0 
203 t t t 3.3E+04 t 2.5 
204 t t t 1.1E+04 t 5.4 
205 t t t S.6E+03 t 3.9 
206 t t 2.2E+04 t 5.2 
207 t t 1.1E+04 t 6.1 
208 t t t t 8.2 
209 t t t 5.6E+03 t 3.8 
210 t t t t t 4.6 
211 t t t t t 4.9 
212 t t t t t 4.2 
213 t t t t t 6.3 
214 t t t t t 14.3 
215 t t t t t 8.5 
216 t t t t t 8.8 
217 t t t 1.1E+04 t 4.8 
218 t t t 1.1E+04 t 3.9 
219 t t t 1.1E+04 t 3.9 
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Sample Pediastrum Peridinium Scenedesmus SDirulina Thalassiosirs TOTAL 
DATE Location duplex sp. Quadricauda maior weisflogii (Million cells/L 
8nl8S 220 t t t t 8.S 
(cont) 221 t t t t 5.2 
222 t t t t t 5.5 
301 t t t S.6E+03 1.0E+07 55.3 
302 t t t 5.SE+03 8.1E+OS 21.6 
303 t t t t 2.9E+05 17.0 
304 t t t t S.OEtQL 1S.0 
30S t t t t t 4.8 
+=t 8/21/86 0 t S.6E+04 3.8E+05 6S.0 101 t 1.1E+04 S.6E+03 33.7 
102 t t t t 17.1 
t t t 2.2E+04 t 11.S 
104 I t t t 1.7E+04 t 9.2 
10S t t t 1.7E+04 t 11.2 
106 t t t t t ~ 1.9 
201 t t t 2.8E+~ t 38.7 
202 t t t 2.2E+ t 27.9 
203 t t t t S.6E+03 16.9 
204 t t t 1.7E+04 t 20.3 
205 t t t +04 5.6E+03 41.8 
206 t t t 2.2E+04 t 10.4 
207 t t t 2.2E+04 t 23.1 
208 t t t t t 5.6 
209 t t t S.SE+03 t 9.4 
210 t t t t t 3.9 
211 t 1 t 9.0 
212 t EBE+03 9.6 
213 t 1 8E+04 20.8 
214 t t 1.1E+04 t 5.5 
215 t t t 1.1E+04 t 10.0 
216 t t t t t 4.8 
17 t t t 1.7E+04 t 10.9 
218 t t t 5.6E+03 t 6.S 
219 t t t 2.2E+04 t 11.5 
220 t t t 1.1E+04 t 11.9 
221 t t=+ t 5.SE+04 t 19.8 222 H t 1.7E+04 t 9.9 301 t 5.6E+04 3.SE+05 73.3 
302 t t t t 5.S 31.2 
1=1 t t t 1.1E+04 5.6E+03 52.9 D t t 2.8E+04 t 12.6 i t S.6E+03 t S.4 
9/4/S6 0 t t 5.6E+03 2.8E+04 7.7E+OS 76.1 
t t t 3.4E+OS 1S.2 
102 t t t 2.2E+05 11.8 
103 t t t 8.3E+04 9.1 
104 t t t t 2.9E+05 13.6 
106 t t t t 2.8E+04 22.3 
201 t i t 2.SE+04 3.4E+OS 39.2 ____ 
202 t t t t t S.S 
203 t t t t 1.1E+04 S.7 
204 t t t 1.1E+04 3.3E+04 33.S 
20S t t t t t 4.S 
20S t t t 1.1E+04 S.SE+03 1S.7 
207 t t t t t 4.S 
20S t t t t S.6E+03 4.S 
209 t t t t t 2.S 
210 t t t t t 3.9 
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Sample Pediastrum Peridinium Scenedesmus Spirulina Thalassiosira TOTAL 
DATE Location duplex S). Quadricauda major weisfloQii (MIllion cells/L 
9/4186 211 t t 5.0E+04 t 39.4 
(cont) 212 t t 4.4E+04 2.2E+04 49.1 
213 t t t S.OE+04 2.2E+04 58.8 
214 t t t t t 13.4 
215 t t t t t 4.9 
216 t t t 1.1E+04 t 14.7 
217 t t t 5.6E+03 t 10.5 
218 t t t t t 4.5 
219 t t t t t 1.7 
220 t t t 1.1E+04 t 9.9 
221 t t t t t 1.9 
I 222 t t t t t 3.5 
301 t t t 1.1E+06 31.0 
302 t t t 6.3E+OS 14.7 
303 t t t 5.7E+OS 17.9 
304 t t t t 7.3E+05 18.4 
30S t t t t 2.2E+04 12.2 
9/23/86 0 t t t S.6E+03 2.1E+OS 47.1 
102 t t t 1.1E+04 2.2E+04 13.0 
103 t t t S.SE+03 t 18.7 
104 t t t 1.7E+04 13.0 
i 106 t t S.6E+03 1.7E+04 28.9 
202 t t t 1.7E+04 13.6 
203 1 t t S.6E+03 2.8E+04 23.0 
204 t t t 2.8E+04 14.3 .. 
207 t t 3.3E+04 1.1E+04 30.7 . . . 
210-1 t t = 
S.6E+03 1.8E+OS 36.7 .. 
210-2 t t t 5.6E+0 13.0 
213 t t t 2.2E+04 1.1E+04 16.7 
216 t t t t 1.7E+04 12.8 
219 t t t t t 15.8 . 
222 t t t t 2.2E+04 27.2. 
301 t t t 1.2E+06 53.S 
302 t t t 6.2E+OS 51.4 
304 t t S.6E+03 1.9E+OS 11.6 
30S t .1 t 1.7E+04 2.8E+05 27.0 
10/23/86 0 t t t 1.7E+04 4.8E+05 5S.0 
101 
.1 1.7E+04 t 42.6 
103 t. t 3.1E+OS 29.4 
104 t S.6E+03 2.4E+05 26.6 
106 t t t 1.1E+04 2.4E+05 43.1 
201 t t t 1.1E+04 7.3E+05 45.9 
202 t t t 1.7E+04 5.1E+OS 44.5 
203 t t t 5.6E+03 5.4E+05 40.5 
204 t 5.6E+03 t t 1.9E+OS 38.6 
207 t t t t 1.4E+OS 35.0 
210 t t t t 6.7E+04 32.0 
213 t t t 2.2E+04 3.6E+05 50.8 
216 t t t 1.1E+04 2.4E+05 43.0 
217 t t t 1.7E+04 1.0E+05 64.7 
222 t t t 1.7E+04 6.7E+04 31.6 
301 t t t 1.1 E+04 5.3E+05 49.5 
302 t t t 1.1E+04 4.4E+05 37.1 
304 t t t t 2.3E+05 41.5 
305 t . t t 6.1E+04 1.6E+OS 54.1 
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Sample Pediastrum Peridinium Scenedesmus Soirulina Thalassiosira TOTAL 
DATE Location duplex sp. Quadricauda major weisflogii I(Mllllon cells/L 
12122186 0 
-.t t t t t 33.1 
203 t t t t t 28.4 
207 t t t t 5.6E+03 25.6 
212 t t t t 5.6E+03 15.0 
302 t t t t t 21.8 
It ... < 5560 oraanismsIL - - No Data Collected 
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Appendix D: East Bay Field Measurement Results 
I 
169 
Great Salt Lake East Bay water quality field measurements. August 7, 1986 
Sample Depth Temn D.O.>'< pH ORp1"'~ Sample Depth Temp D.O. ~~ pH o Rp-lo'< 
Site Time (m) (oC) (mg/L) (mv) Site Time (m) (oC) (mg/L) (mv) 
000 2:40 0.0 27 .9 19.3 9.0 174 204 1 :58 0.0 26.5 7.0 8.5 170 
1.0 24.8 9.6 8.8 183 1.0 26.2 6.9 8.6 1 
2.0 24.6 9.0 8.4 184 2.0 25.7 7.8 8.3 172 
3.0 24.7 8.3 8.3 184 3.0 25.0 7.8 8.3 173 
4.0 24.8 7.7 8.3 1 
301 2:45 0.0 27 .6 12.7 8.8 176 
1.0 .8 9.0 7.7 180 205 1 :53 0.0 26.6 7.0 8.5 169 
2.0 24.9 8.9 7.6 183 1.0 26.3 6.6 8.5 169 
3.0 25.0 9.0 7.5 185 2.0 25.4 6.8 8.6 171 
3.0 24.7 6.8 8.6 171 
201 2:30 0.0 27 .0 10.9 8.8 176 4.0 24.5 6.9 8.3 172 
1.0 26.4 11.0 8.8 177 
...... 2.0 25.5 9.3 8.7 181 . 206 1 : 48 0.0 .9 7.0 8.5 169 
...... 
I-' 3.0 .2 8.9 8.3 182 1.0 25.5 6.8 8.5 168 
4.0 . 1 8.2 8.3 182 2.0 25.2 7.2 8.6 169 
3.0 24.7 7.7 8.6 170 
202 2: 16 0.0 26.7 8.1 8.6 174 4.0 24.4 8.4 8.5 170 
1.0 26.6 8.3 8.6 175 
2.0 26.0 7.8 8.6 177 207 1 : 43 0.0 25.5 7.0 8.5 166 
3.0 .5 8.1 8.6 178 1.0 25.2 8.4 8.1 167 
4.0 25.0 8.9 8.3 179 2.0 24.7 7.3 8.3 168 
3.0 24.2 7.5 8.3 169 
203 2:09 0.0 26.4 7.3 8.6 173 4.0 24.0 7.2 8.3 169 
1.0. 26.3 8.5 8.2 174 4.5 24.0 7.1 8.3 170 
2.0 25.7 7.9 8.4 175 
3.0 .0 8.0 8.4 176 208 1 : 37 0.0 25.5 6.4 8.5 158 
4.0 24.7 7.8 8.4 177 1.0 25.4 7.6 8.3 161 
2.0 25.1 8.0 8.2 162 
3.0 24.8 6.8 8.2 163 
4.0 24.7 6.8 8. 1 164 
5.0 24.7 7.3 8.0 164 
-kD. O. Dissolved oxygen 
>'o'<ORP Oxidation/reduction potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. Augus t 7. 1986. 
Sample Depth Temp 0.0. 1< pH ORP~h~ Sample Depth Temp D.O. -1< pH ORP"~* 
Site Time (m) (oC) (mg/L) (mv) Site Time (m) (oC) (mg/L) (mv) 
209 1 : 30 0.0 .7 6.5 8.5 156 214 12:43 0.0 . 1 4.5 8.6 164 
1.0 25.8 6.7 8.6 157 1.0 25.1 4.2 8.7 164 
2.0 25.2 6.2 8.6 158 2.0 24.9 4.4 8.3 165 
3.0 24.8 5.9 8.6 159 3.0 24.6 4.4 8.3 165 
4.0 24.6 5.9 8.5 159 4.0 24.6 4.6 8.3 165 
5.0 24.5 7.1 7.9 159 5.0 24.4 4.4 8.2 53 
210 1 : 22 0.0 25.4 6.2 8.6 151 215 12:33 0.0 25.1 4.8 8.9 161 
1.0 25.7 6.2 8.6 152 1.0 25.1 4.6 8.9 162 
2.0 25.3 6.3 8.6 153 2.0 25.0 5.4 8.5 164 
3.0 24.9 6.3 8.5 154 3.0 24.6 5.4 8.5 164 
4.0 24.5 6.7 8.2 155 4.0 24.3 4.7 8.5 164 
5.0 24.3 6.6 8.0 155 5.0 24.2 4.0 8.5 163 
....... 211 1 : 12 0.0 25.6 5.7 8.5 144 216 11 :00 0.0 24.2 4.2 8.5 165 
....... 1.0 25.5 5.6 8.5 145 1.0 24.1 5.7 8.2 165 N 
2.0 25.3 5.6 8.7 146 2.0 24.0 8.4 7.7 166 
3.0 24.9 5.4 8.6 146 3.0 23.9 7.2 8.0 166 
4.0 24;7 6.0 8.3 147 4.0 23.8 7.3 7.5 166 
5.0 24.3 5.3 8.2 148 4.5 23.8 4.3 8.3 166 
212 1 :02 0.0 25.2 6.0 8.6 131 217 10:32 0.0 24.1 4.2 8.5 165 
1.0 25.2 5.8 8.6 133 1 .0 24.1 5.7 8.2 165 
2.0 25.0 6.0 8.6 134 2~0 24.1 8.4 7.1 166 
3.0 24.8 7.9 8.3 136 3~0 23.9 7.2 8.0 166 
4.0 24.5 6.2 8.3 131 4.0 23.8 1.3 7.5 166 
4.5 24.4 6.0 8.0 138 4.5 23.8 4.3 8.3 166 
213 12:52 0.0 25.5 6.0 8.5 107 218 10: 14 0.0 24.3 5.4 8.6 164 
1.0 25.4 5.5 8.5 109 1.0 24.0 5.1 8.6 165 
2.0 .2 6.6 8.2 114 2.0 24.0 8.0 7.5 166 
3.0 25.0 5.5 8.3 111 3.0 23.8 8.0 1.5 166 
4.0 23~8 7.2 7.5 167 
4.5 23.8 7.4 8.0 167 
1cD. O. Dissolved oxygen 
-In'cORP Oxidation/reduction potential (platinum electrode). 
(' e 
Great Salt Lake East Bay water quality field measurements. August 7, 1986. 
Sample Depth Temp D. O. -k pH ORPo~* 
Site Time (m) (oC) (mg/L) (mv) 
219 10: 04 0.0 24.3 5.2 8.6 162 
1 .0 24.3 5.2 8.6 162 
2.0 24.2 6.6 8.3 164 
3.0 24.1 6.9 8.1 164 
4.0 24.1 7.7 7.9 165 
4.5 24.1 8.3 7.7 165 
220 9:53 0.0 24.6 6.0 8.6 161 
1.0 24.6 5.6 8.6 161 
2.0 24.5 8.3 8.7 162 
3.0 24.3 8.0 7.8 163 
4.0 24.3 c 9.9 7.6 165 
4.5 24.3 9.9 7.6 166 
I-' 221 9:43 0.0 24.3 5.6 8.7 156 
--..J 
w 1.0 24.3 5.8 8.7 157 
2.0 24.0 7.7 8.0 159 
3.0 24.0 9.1 7.8 160 
4.0 23.9 9.8 7.6 160 
4.5 23.9 9.4 7.6 161 
222 9:30 0.0 29.2 6.1 8.6 161 
1.0 24.2 6.3 8.6 159 
2.0 24.1 6.3 8.6 158 
3.0 24. 1 6.9 8.2 158 
4.0 24.1 6.7 8.4 158 
5.0 24.1 7.7 7.8 154 
*D.O. = Dissolved oxygen 
**ORP = Oxidation/reduction potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. August 21, 1986. 
Sample Depth Temp D.O* pH ORP*;~ Sample Depth Temp D.O.* pH ORP*~r 
0 Site Time (m) (C) (mg/L) (mv) Site 0 (mg/L) Time (m) (C) (mv) 
000 10:1.J3 0.0 24.4 8.8 195 203 12:56 0.0 25.2 8.8 167 
1.0 21.J.1.J 8.8 195 1.0 25.1 8.8 167 
2.0 21.J.6 8.7 197 2.0 24.8 8.8 168 
3.0 21.J.6 8.6 70 3~0 24.7 8.1 169 
I.J.O 21.J.6 8.2 170 
102 11 : 53 0.0 25.2 8.7 178 
1.0 25.2 8.7 178 206 1 : 12 0.0 25.1 8.7 175 
2.0 25.2 8.7 178 1.0 24.9 8.7 175 
3.0 25.2 8.7 179 2.0 24.6 8.6 176 
I.J.O 25.1 8.1 180 3·0 21.J.5 8.3 177 
5.0 25.1 8.0 10 I.J.O 21.J.1.J 8.3 178 
..... 
Bot 8.1.J 168 
" 106 8.6 143 .p. 12: 15 0.0 25.0 
1.0 .0 8.6 144 209 1 : 28 0.0 26.0 8.6 167 
2.0 .8 8.6 11.J5 1.0 25.3 8.7 168 
3.0 21.J.7 7.5 11.J6 2.0 24.6 8.7 169 
I.J.O 21.J.6 8.1 11.J7 3.0 24.5 8~2 170 
5.0 21.J.6 8.0 11.J8 4.0 21.J.5 8.2 170 
Bot 21.J.6 8.0 90 5.0 21.J.1.J 8.3 110 
302 11 : 07 0.0 • 1 8.7 149 212 1 : I.J 5 0.0 26.1 8.7 170 
1.0 25.1 8.7 151 1.0 25.6 8.7 173 
2.0 25.1 8.7 147 2.0 25.0 8.2 171.J 
3.0 25.1 8.7 152 3·0 24.9 8.3 115 
Bot 25.1 8.0 151.J 4.0 21.J.6 8.3 176 
5.0 24.5 8.3 168 
305 11 : 28 0.0 21.J.6 8.8 166 
1.0 21.J.9 8.8 166 215 2:05 0.0 26.6 8.6 175 
2.0 21.J.9 8.1.J 167 1.0 26.2 8.7 176 
3.0 21.J.9 8.2 169 2.0 25.5 8.1 177 
3.0 25.1 8.2 178 
4.0 25.0 180 
*D.O. Disso oxygen 
*-:rORP Oxidation/reduction potential (platinum electrode). 
Utah Lake Goshen Bay water quality field measurements. August 26, 1986 
Sample Depth Temp D. O. ,,; pH ORP** 
Site Time (m) (oC) (mg/L) (mv) 
GB-I 2: 30 0.0 24.5 5.0 8. 7 167 
1 .0 22.4 4.2 8.5 172 
GB-3 2:45 0.0 24.4 5.2 8.8 180 
1 .0 23.8 4.9 8.6 184 
I . 5 22.2 4.0 8.4 190 
GB-5 3:00 0.0 23.9 5.0 8.6 189 
1.0 23.9 5.0 8.6 192 
2.0 22.9 4.2 8. 3 196 
2 . 5 22.4 4 . I 8.3 197 
...... 
-....J 
VI GB-7 3: 15 0.0 24.8 6 . 7 9.0 191 
I .0 24.8 6.5 8.9 193 
2.0 23.8 5 . 5 8.6 198 
3.0 23.0 5.4 8.5 200 
* D.O. Dissolved oxygen 
** ORP Oxidation/reduction potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. September 4, 1986. 
* ** ")'( ** Sample Depth Temp D.O. pH ORP Sample Depth Temp D.O pH ORP 
Site Time (m) (oC) (mg/L) (mv) Site Time (m) (oC) (mg/L) (mv) 
000 10: 59 0.0 19 .5 7 .0 8.9 109 201 10:47 0.0 22 . 5 7.4 8.9 
11 2 
1 .0 21.8 8.2 9.0 106 1.0 22.6 7 .6 8.9 1L3 
2.0 22.2 9.7 7 .8 1 1 3 2.0 22.3 8.6 8 . 1 115 
3.0 22.3 6.8 7 .8 1 10 3.0 22.4 9.6 7.4 1 18 
4.0 22.4 7.4 7 .8 95 
102 1 1 : 52 0.0 22.6 8.0 9.0 96 4.5 22.4 6 . I 7.8 
78 
1 .0 22 .3 9.3 8.3 99 
2.0 21 .8 10.4 7 .9 102 204 10:32 0.0 21 .8 6.6 8.9 17 
3.0 21.9 10. 3 7 .9 106 1 .0 22.3 6.8 8.9 80 
4.0 22.3 10.0 7 . 7 L08 2 .0 22.2 7 . 2 8.6 82 
..... 4.5 22.5 9.5 7.6 L 10 ' 3.0 22.2 7 .8 7 .9 81 
...,. 
0\ 4.0 22 .2 7.8 7.9 81 
L06 12 : 10 0.0 22.8 1 . 1 8.8 124 
1 .0 22.8 8.4 1 .9 125 201 10 : 1 3 0.0 22.3 6.4 8.9 106 
2.0 22 . 7 8.8 7.9 121 1 .0 22. 7 1 .4 1 . 7 109 
3.0 22.4 9. 3 7.1 128 2.0 22 • 7 6. 1 8.6 1 I 1 
4.0 22.4 9. 7 7 .6 130 3.0 22.6 1 . 1 8.0 1 1 2 
5.0 22.5 9.5 1 . 5 Lll 4.0 22.6 7 . 5 1.6 L 1 4 
4.8 22.6 1.0 7 . 1 -63 
302 1 1 : L 5 0.0 22.9 9.3 9 . 1 109 
1 .0 22.6 1 1 . 5 7 .9 1 12 210 9: 53 0.0 22 . 1 1.0 8.9 136 
2~0 22.1 10.6 1 .8 1 16 1 .0 22.8 7 .0 8.9 137 
3.0 22.4 6.5 8.0 1 1 7 2.0 22.8 1 . 1 9.0 138 
3.5 22 . 7 5.8 7.8 57 3.0 22.8 1 . 3 8.8 139 
4.0 22.8 6 . 7 8.3 137 
305 1 1 : 31 0.0 23.5 9.0 9 . 1 101 5.0 22.8 
4.8 1 . 7 15 
1.0 23.2 9.8 8.2 110 
2.0 22 . 7 10.0 1 .9 1 1 3 213 9: 19 0.0 22 . 3 6.1 8.9 1 14 
3.0 22.7 10. 3 7 .6 1 1 7 1.0 22.6 1.0 8.9 1 16 
4.0 22.6 1 • 7 1 .4 -15 2.0 22.6 7.9 8.3 118 
* *~.O. Dissolved oxygen 
ORP Oxidation/reduction potential (platinum electrode). 
r' 
, 
Continued. 
* 
*"k ";': 
** Sample Depth Temp D.O. pH ORP Sample Depth Temp D.O. pH ORP 
Site Time (m) (oC) (mg/L) (mv) Site Time (m) (oC) (mg/L) (mv) 
216 8:56 0.0 22.4 6 . 7 8.9 I I 9 
1 .0 22.5 6.8 8.9 120 
2.0 22.5 6.8 8.9 121 
3.0 22.6 7.0 8.9 122 
4.0 22.6 6.4 8. 3 121 
4.5 22.5 4.8 7 . 3 40 
219 8:33 0.0 22.5 5.9 8.8 88 
1.0 22.5 5.9 8.8 91 
2.0 22.5 6 . 1 8.8 92 
3.0 22.5 6 . 3 8.8 95 
4.0 22.7 6.5 8.5 99 
4.5 22. 7 5.4 7 . 7 100 
...... 
222 8:00 0.0 22.5 5.8 8.7 196 
-...J 1 .0 22.6 5. 7 8.8 195 
-...J 
2.0 22.7 5. 7 8.8 195 
3.0 22 . 7 5.8 8.8 194 
4.0 22.9 5.6 8.8 194 
5.0 22.9 3 . 1 2.0 -149 
*0.0. Dissolved oxygen 
**ORP ~ OXidation/reduciton potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. September 22, 1986. 
Sample Depth Temp 0.0.* pH ORP** Sample Depth Temp 0.0.* pH 
Site Time (m) (oC) (mg/L) (mv) Site Time o (m) (C) (mg/L) 
000 0.0 1 5 . 3 8.3 8.2 253 201 0.0 16.8 7 . 1 8.6 
1 .0 15.9 8.2 8.5 255 1 .0 16. 7 7.3 8.6 
2.0 16.6 8.2 8.3 255 2.0 16.8 7 . 5 8.6 
3.0 16 .8 7.8 8.3 255 3.0 17.0 7 .5 8.6 
Bot 16. 7 6.8 8. 3 254 4.0 16.9 7.4 8.5 
102 0.0 16 .6 8.4 8.2 233 204 0.0 1 6 • 9 9.3 8.6 
1 .0 16.6 7.4 8.3 237 1.0 16.9 1 1 . 8 7.0 
2.0 16.6 7 .5 8.4 238 2.0 16.9 12.3 7.0 
...... 3.0 16.6 7.6 8.4 239 3.0 16.8 1 1 .4 7 . 3 
....... 
00 4.0 16 .6 7.6 8.4 240 4.0 16.6 10.6 7.4 
106 0.0 1 6 . 5 7 . 5 8.5 231 207 0.0 16.6 9.3 8.6 
1 .0 16 .5 7.5 8.5 232 1 .0 16.6 11.8 7 • 1 
2.0 1 6 . 5 7.5 8.5 232 2.0 1 6 . 5 12.2 7 . 1 
3.0 16.4 8.4 7.4 233 3.0 16.5 12.1 7 • 3 
4.0 16. 3 8.3 7. 7 233 4.0 16. 3 1 1 . 7 7 . 5 
302 0.0 16. 7 7.3 8.8 222 210 0.0 1 7 .0 9.6 8. 7 
1 .0 16.6 7.4 8.8 223 1 .0 17.0 1 1 . 3 8. 1 
2.0 16.6 7 . 5 8.7 226 2.0 1 6 • 5 10. 7 7.9 
3.0 16.8 7.6 8.7 227 3.0 1 6 . 3 10. 1 7 .8 
4.0 16. 3 8.0 7 • 7 
305 0.0 17.4 8.7 8.6 225 
1 .0 17.4 8.2 8.6 227 213 0.0 1 6 . 7 8.9 8. 7 
2.0 16 .9 8. 1 8.6 228 1 .0 16.5 9 • I 8.7 
2.0 16 . 1 8.8 8.6 
3.0 16.6 7.8 8.6 
* D.O. Dissolved oxygen 
**ORP Oxidation/reduction potential (platinum electrode). 
ORP** 
(mv) 
220 
223 
223 
224 
224 
233 
234 
235 
235 
235 
231 
233 
233 
234 
234 
228 
230 
231 
232 
233 
227 
227 
229 
230 
..... 
'-J 
1.0 
Sample 
Site 
216 
219 
222 
~'<D. 0, 
**ORP 
, ' 
Continued. 
Depth Temp 0.0.* pH ORP*~'( 
Time (m) (oC) (mg/L) (mv) 
0.0 1 7 .9 7 • 7 8. 7 229 
1 .0 16 .8 8.8 8.6 230 
2.0 16.4 8.8 8.6 232 
3.0 16.6 8.7 8.4 233 
4.0 16 .8 7 . 7 8.4 233 
0.0 1 7 .9 7 8.5 229 
1 .0 1 7 . 7 7.4 8.6 230 
2.0 17.5 7 .6 8.6 231 
3.0 1 7 . 3 7 . 7 8 . 5 232 
4.0 1 7 . 3 8.5 7.4 233 
0,0 19 , 7 7.4 8.4 223 
1 .0 18 . 5 7.3 8.5 231 
2.0 17 ,8 9.2 7.5 232 
3.0 1 7 . 1 9.2 7.3 235 
4.0 17.2 8.2 7.6 236 
Dissolved oxygen 
~ Oxidation/reduction potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. October 23, 1986. 
Sample Depth Tp.mp 0.0.* pH 
Site Time (m) (oC) (mg/L) 
ORP** 
) 
Sample 
Site Time 
Depth Temp C.O.* pH 
(m) (oC) (mg/L) 
000 3:38 0.0 13.4 13.4 9.2 213 207 2:26 0.0 1 3 . 5 9.0 9.0 
1.0 13.5 1 3 .9 9.2 212 1 .0 1 2 .9 10.4 9. 1 
2.0 12 .6 12.0 9.2 217 2.0 1 2 . 5 10.8 9 . 1 
3.0 12.6 10.2 9.0 220 3.0 12. 3 10.9 9. 1 
4.0 12 • 7 9.8 9.0 221 4.0 1 2 • 5 9.5 8.9 
Bot 1 2 .5 7 • 1 8.8 
106 3:54 0.0 13.2 10.6 9. I 222 
1.0 13.2 1 1 . 2 9 . 1 224 210 2:05 0.0 14.8 8.6 9.0 
2.0 13.2 1 1 .4 9. 1 225 l.0 1 2 . 5 10.3 9 . I 
3.0 13.2 1 1 .6 9. 1 225 2.0 1 2 . 7 10.7 9 . I . 
4.0 12. 7 1 1 • 5 9.0 226 3.0 12.2 9.7 9 • 1 
...... 
00 4.5 12 .5 1 0 . 5 9.0 229 4.0 1 2 . 1 9. 1 9.0 
0 Bot 1 2 .4 8.8 
302 4:03 0.0 13.0 11.0 9. 1 216 
1 .0 1 3 .4 1 2 . I 9 • 1 217 213 12:36 0.0 12.9 8.7 9.0 
2.0 13.1 11.0 9.2 219 1 .0 12.2 8.8 9.0 
3.0 1 2 • 5 8.4 8.9 223 1 . 5 12. 3 7 • 5 8.9 
3.5 12.6 8.3 8.8 224 
216 12: 53 0.0 13. 3 9. 7 9. 1 
305 0.0 13.7 10. 7 9.0 219 1 .0 12.6 9.6 9 . 1 
1 .0 1 3 . 7 11 .2 9.0 220 2.0 12.0 8. 1 9.0 
2.0 12.9 10.7 9.0 221 3.0 1 I . 9 8. 3 9.0 
3.0 12 .6 10.0 8.9 223 4.0 1 1 .8 8.6 8.9 
3.5 12.6 9.7 8.9 224 4.5 I 2. 5 5.5 8.8 
204 2:58 0.0 13.5 10.6 9.2 216 219 1 : 1 2 0.0 14.0 9.8 9. 1 
1 .0 13.4 1 0 . 9 9.2 2 I 7 I .0 1 2 . 7 9.9 9 . 1 
2.0 I 2 . 6 10.6 9.2 218 2.0 12. 3 10.6 9 . 1 
3.0 12. 3 10.8 9. 1 220 3.0 1 2 • 3 10.5 9. 1 
4.0 12.6 8.4 8.9 223 4.0 1 2 . 1 8.2 9.0 
Bot 12 .6 8 . 1 8.9 223 4.5 12.0 7.6 8.9 
*0.0. ~ Dissolved oxygen 
1d'ORP Oxidation/reduction potential (platinum electrode). 
ORP.,H 
(mv) 
222 
223 
225 
226 
227 
226 
225 
228 
229 
231 
232 
233 
288 
287 
285 
257 
258 
259 
260 
260 
261 
243 
244 
245 
247 
248 
249 
....... 
co 
....... 
Sample 
Site 
222 
>'<0.0. 
*>'<ORP = 
Continued. 
Depth Temp D.O. -k pH ORP>'d( 
Time (m) (oC) (mg/L) (mv) 
1 : 32 0.0 14. 3 9.4 9.0 233 
1 .0 1 3 .0 10.3 9.0 235 
2.0 12 .6 10.4 9. 1 238 
3.0 1 2 . 5 10.7 9 . 1 239 
4.0 1 2 • 1 10. 7 9 . 1 240 
Bot 1 2 .0 10.2 9.0 241 
Dissolved oxygen 
OXidation/reduction potential (platinum electrode). 
Great Salt Lake East Bay water quality field measurements. December 22, 1986. 
Sample Depth Temp 0.0.* pH ORP** 
Site Time (m) ( °C) (mg/L) (mv) 
302 2:10 0.0 1 . 3 1 3 . 3 8.3 261 
1.0 2 . 1 1 3 .6 8.3 267 
2.0 2.6 1 1 . 6 8.3 270 
3.0 3.5 9.0 8.2 272 
3.5 4.2 8. 3 8.2 279 
203 1 : 10 0.0 0.3 1 3.6 8.4 260 
1.0 1 • 3 1 3 .9 8.4 270 
2.0 1 .8 1 3 • 1 8.4 271 
3.0 ,3 . 1 9.0 8.3 275 
...... 4.0 3.4 8.0 8.3 277 
00 
IV 
207 12 : 28 0.0 1 .0 10.0 8.2 290 
1 .0 0.9 10. 7 8. 3 293 
2.0 1 .4 9.4 8.2 294 
3.0 2.8 8.6 8.2 295 
4.0 3.4 8.3 8.2 295 
4.5 3.4 8.0 8.2 295 
*0.0. Dissolved oxygen 
**ORP Oxidation/reduction potential (platinum electrode). 
Appendix E: East Bay Water Chemistry 
183 
EAST BAY WATER CHEMISTRY-SUMMER/FALL 1986 
Sample Sampling TDS NH4-N N03+N02-N Total-P P04-P Tot.-N 
Date Station giL ~g/L mg/L ~g/L ~ IL mg/L 
-------------------------------------------------------------------------
817/86 000 40.9 100 
101 47.4 117 
102 48.7 
103 48.7 84 
104 49.8 63.7 
105 50.6 
106 50.3 
301 46.1 123 
302 48.8 
303 47.6 0.04 
304 43.5 
305 49 160 
201 46.9 
202 48.9 
203 51. 7 
204 51.1 80.3 
205 49 
206 51.2 
207 51. 3 
208 50.7 
209 49.5 
210 49.2 89 
21 1 50.8 
212 48.1 
213 50.9 70.8 
214 51.5 
215 50.4 
216 51.2 70 
217 50.3 
218 50.6 
219 51 65.7 
220 51.7 
221 51.9 
222 50.7 
8/21/86 000 46.8 25.9 83.1 20.7 
101 50.6 
102 50.6 
103 50.2 22.2 62.3 21 
104 50.8 
105 50.3 
106 51.2 43.7 59.9 18.9 
301 47.1 9.6 80.7 21 
302 49 
303 50.9 31. 9 67 18.9 
304 49.4 
L 305 51. 3 25.2 66.4 20.4 
201 50.9 19.3 67.6 19.5 
202 ·50.7 
185 
203 49.2 
204 51 11. 1 61. 7 19.2 
205 51.7 
206 50.4 
207 49.7 16.3 63.4 18.9 
208 50.2 
209 51 
210 51.6 40.7 62.9 19.8 
211 52 
212 50.9 
213 50.7 20 65.8 18.3 
214 52.5 
215 52.9 
216 52.9 8.9 59.3 19.8 
217 53.1 
218 51.5 
219 52.6 12.6 60.5 21.6 
220 53 
221 52.2 
222 115 5.19 59.3 18.9 
8/26/86 GBl 585 11. 1 42.1 17.7 
GB3 495 10.4 34.9 13.1 
GB5 475 3.7 30.8 13.1 
GB7 415 20 32.5 8.9 
9/4/86 000 48 14.3 57.3 9.1 
101 47.8 15.1 60.4 9.7 
102 49.5 
103 49 15.1 54.8 8.2 
104 51.9 
105 49.2 
106 52.8 7 51.1 9.4 
301 47.9 12 62.8 10.3 
302 47 
303 47.2 29.1 0.06 64.7 10.6 
304 47.6 
305 48.1 17.4 57.9 10.6 
201 50.7 10.2 56.7 14 
202 50.8 
203 49.4 
204 50.5 14.9 0.05 51. 7 14.6 
205 51.1 
206 52.6 0.06 
207 51.9 12.8 0.06 54.2 11 .6 
208 50.3 
209 49.6 
210 49.8 16.3 54.2 13.1 
211 49.4 
212 49.4 0.06 
213 5L7 32.8 56.7 13.7 
214 50:5 0,07 
215 51.9 
216 49.7 17.7 56 15.5 
186 
217 51.9 9.66 
218 51.4 0.06 
219 51.9 13.6 49.8 14.9 
220 50.8 
221 51.6 0.05 
222 50.2 5.95 0.05 51.1 14.08 
9/23/86 000 47.2 18.7 0.06 59.6 17.7 
101 
102 53.3 
103 50.8 12.7 56.7 13.5 
104 51.7 
105 
106 51.8 59.6 20.5 
301 46.8 15.4 59.6 17.7 
302 48.4 
303 
304 52.3 
305 51.3 5.1 59.6 20.5 
201 49.5 18.7 59.6 16.3 
202 52.3 
203 52.7 
204 52.2 10.8 53.7 13.5 
205 
206 
207 50.9 9.3 51. 7 16.3 
208 
209 
210 51. 3 25.1 59.6 17.7 
211 
212 51 
213 51.5 18.9 59.6 14.9 
214 50.7 
215 
216 52.6 15.5 59.6 16.3 
217 
218 
219 52.6 15.5 59.6 10.6 
220 
221 
222 36.7 29.2 47.9 13.5 
10/23/86 000 50.5 84.2 32.8 1. 61 
101 50.8 64 17.9 1.56 
102 
103 53.2 46.8 17.9 1. 45 
104 53.4 
105 
106 53.7 15.7 64 17.9 1.56 
301 51.3 10.2 69.8 16.4 1.58 
302 52.4 
303 
L, 304 53.3 
305 53.3 61. 2 17.9 1. 54 
201 51.6 18.9 61.2 17.9 1.53 
~ . 
187 
202 53 
203 53.4 
204 53.6 22 46.8 16.4 1.68 
205 -, -
206 
207 53.4 69.8 17.9 1. 53 
208 
209 
210 54.3 46.8 17.9 1.6 
211 
212 
213 52.7 25.2 46.8 17.9 1. 54 
214 
215 
216 53.6 17.3 46.8 17.9 1. 65 
217 
218 
219 51. 9 12.6 64 17.9 1. 58 
220 
221 
222 48.6 61. 2 14.9 1.53 
l , 
L 
188 
'" . 
L. 
Appendix F: Salinity and Phosphorus Loading Model 
Computer Program Listing 
189 
10 REM ********************************************************************* 
20 REM East Bay Modeling Program 
30 REM 
40 REM This program calculates the water surface elevation, salinity in mg/l, 
50 REM total phosphorus load in mg P / square m/yr and hydraulic residence time 
60 REM in years, for East Bay under conditions of diking that creates an 
70 REM lirIpounclment separate from the main body of the Great Salt Lake. 
80 REM 
90 REM The equations describing salt loading are from D. G. Chadwick, et. al. 
100 REM (1986). 
110 REM 
120 REM Equations describing Phosphorus loading were developed in conjunction 
130 REM with the developnent of this program. 
140 REM 
150 REM The hydrologic model and the phosphorus transport model work together 
to 
160 REM provide normalized annual areal phosphorus loading values for the East 
170 REM Bay. These values can then be used in the technique developed by R. A. 
180 REM vollenweider (1976) to estimate the trophic state of the East Bay 
190 REM lirIpounclment waters. 
200 REM 
210 REM This program was written by A. W. Grover on February 6, 1987. 
215 REM It was edited February 17, 1988 by D. L. Sorensen. 
220 REM 
230 REM Input data are from N. Stauffer and include: 
240 REM INFLOW 
250 REM AREA-ELEVATION'-VOLUME Data 
260 REM NET EVAPORATION' (EVAP - PRECIP) 
270 REM 
280 REM ********************************************************************* 
290 REM variables used in the program 
300 REM ********************************************************************* 
310 REM D = elevation-area-volume data, E = Mean depth in East Bay 
320 REM EV = MOnthly evaporation in AF for east bay at various elevations 
330 REM EO = monthly ungaged inflow to east bay from 1980 to 2010 
340 ~ ~ == year, EG == same as EU but gaged inflow 
350 REM PL = Annual phosphorus loading to east bay 
360 REM RT = hydraulic residence time, SL = salinity in mg/l 
370 REM ********************************************************************* 
380 DIM D(27,7),E(27),EV{28,12),EO(30,12),YR(30),EG(30,12),PL(30),RT(30),SL(30,12) 
390 REM ******************************************************************* 
400 REM read area-elevation-volume data for entire lake, east bay and main lake 
410 REM ******************************************************************* 
420 FOR I = 1 TO 27 
430 READ D(I,l) ,D(I,2) ,D(I,3) ,D(I,4) ,D(I,5) ,D(I, 6) ,D(I, 7) 
440 NEXT I 
450 REM ******************************************************************* 
460 REM optional plotting routines and tabular listing of area-elev-vol data 
470 REM ******************************************************************* 
480 PRINT "Do you want area-elev-vol plots? (l=yes, any other key=no)";: INPUT 
P 
490 IF P <>1 GOTO 540 
500 GOSUB 2170 
191 
510 REM ********************************************************************** 
520 REM calculate mean depths at various elevations 
530 REM ********************************************************************** 
540 CLS: REM PRINI' "East Bay Hydraulic Data": rem PRINI' " 
":PRINI' -----------
550 FOR I = 1 TO 27 
560 IF D(I,4) > 0 GOTO 590 
570 E(I) = 0 
580 GOTO 610 
590 E(I) = D(I,5)/D(I,4) 
600 E(I) = E(I)*10:E(I) = INT(E(I» :E(I) = E(I)/10 
610 REM IF I < 11 GOTO 430 
620 REM PRINI' "At elevation = ";D(I,l);", mean depth = ";E(I);"feet, in East 
Bay. tt 
630 NEXT I 
640 PRINI':PRINI' "Hit RETURN to continue";: INPlJI' C:CLS 
650 PRINI' "Monthly Net Evaporation in Acre-Feet at Various Elevations for East 
Bay" :PRINI' 
660 REM ********************************************************************** 
670 REM calculate evaporation at various elevations 
680 REM ********************************************************************** 
690 FOR I = 1 TO 12 
700 READ C,EV(28,I),B 
710 FOR K = 1 TO 27 
720 EV(K,I) = D(K,4)*EV(28,I) 
730 NEXT K 
740 NEXT I 
750 REM ********************************************************************** 
760 REM print first half of water year evaporation.volume vs elevation 
770 REM ********************************************************************** 
780 PRINI' "Elevation October November December January February March" 
790 FOR I =11 TO 27 
800 PRINT USING "#########.";D(I,l) ,EV(I,l) ,EV(I,2) ,EV(I,3) ,EV(I,4) ,EV(I-
,5) ,EV(I, 6) 
810 NEXT I 
830 REM ********************************************************************* 
840 REM print second half of water year evaporation volume vs elevation 
850 REM ********************************************************************* 
860 PRINT "Monthly Net Evaporation in Acre-Feet at Various Elevations for East 
Bay" : PRINT 
870 PRINT "Elevation April . .Ma.y June July August 
September It 
880 FOR I = 11 TO 27 
890 PRINI' USING "##U#####. It;D (I, 1) ,EV (I, 7) ,EV (I, 8) ,EV (I, 9) , EV (I, 10) ,EV(-
I,ll) , EV (I, 12) 
900 NEXT I 
920 REM ********************************************************************* 
930 REM Read ungaged inflow to East Bay from diskette 
940 REM ********************************************************************* 
950 OPEN "lowuin.datttFOR INPlJI' AS 1 LEN = 128 : REM Ungaged inflow data file. 
960 FOR I = 1 TO 30 
970 INPlJI'#1,YR(I),EU(I,1),EU(I,2),EU(I,3),EU(I,4),EU(I,5),EU(I,6),EU(I,7-
),EU(I,8),EU(I,9),EU(I,10),EU(I,11),EU(I,12) 
980 NEXT I 
192 
l -
990 CLOSE #l:SCREEN 2 
1000 PRINT " INFLOW TO EAST BAY., WATER YEARS 1981 TO 2010" 
1010 XM = 370:YM=(1.1*10*10*10*10*10*10) 
1020 WINDOW (-30,-200000!) - (XM,YM) :LINE (O,YM) - (0,0) :LINE -(360,0) 
1030 FOR I = 12 TO 360 STEP 12 
1040 LINE (I,-8000) - (I,7000) 
1050 NEXT I 
1060 C = O:LINE (l,EU(l,l» - (l,EU(l,l» 
1070 FOR I = 1 TO 30 
1080 FOR J = 1 TO 12 
1090 C = C + 1 
1100 LINE - (C,EU(I,J» 
1110 NEXT J 
1120 NEXT I 
1130 REM ********************************************************************* 
1140 REM Read gaged inflow to East Bay from diskette 
1150 REM ********************************************************************* 
1160 OPEN "eblga.dat"FOR INPUT AS 2 LEN = 128 : REM Gaged inflow data file. 
1170 FOR I = 1 TO 30 
1180 INPUT#2,Y.R(I),EG(I,1),EG(I,2),EG(I,3),EG(I,4),EG(I,5),EG(I,6),EG(1,-
7) ,EG(I,8) ,EG(I,9) ,EG(I,10) ,EG(I,1l) ,EG(I,12) . 
1190 NEXT I 
1200 CLOSE #2 
1220 FOR I = 1 TO 30 
1230 FOR J = 1 TO 12 
1240 EG(I,J) = EG(I,J) + EU(I,J) 
1250 NEXT J 
1270 NEXT I 
1290 FOR I = 1 TO 30 
1300 FOR J = 1 TO 12 
1310 C = C + 1 
1320 T = EG (I, J) 
1330 LINE - (C,T) 
1340 NEXT J 
1350 NEXT I 
1360 PRINT:PRINT:PRINT:PRINT " I":PRINT " N":PRINT " F":PRINT " L":PRINT " 
O":PRINT " W" 
1370 PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT:PRINT 
" YEA R" 
1380 PRINT "Hit RETURN to continue" i : INPUT C:SCREEN O:CLS 
13 90 PRINT: PRINT: PRINT " Total Phosphorus Loading to East Bay" 
1400 PRINT " (High Lake Scenario)" 
1410 REM 
1420 REM ********************************************************************* 
1430 REM calculate and printout phosphorus loading 
1440 REM ********************************************************************* 
1450 REM 
1460 PRINT " " 1470 PRINT "----:YEAR=:-=---=P~h-o-Sp.....,h:-o-ru-s----=Lo,.---a-:d,.---YEAR=~----=P,..,...h-o-s-p::-ho-ru-s--::Lo:---ad" 
1480 PRINT " in Megagrams in Megagrams" : PRINT 
1490 FOR I = 1 TO 30 
1500 PL(I) = 0 
1510 FOR J = 1 TO 12 
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1520 PL(I) = PL(I) + EG(I,J) 
1530 NEXT J 
1540 PL(I) = (PL(I) * 2.7359E-04) + 462 
1550 NEXT I 
1560 FOR I = 1 TO 15 
1570 PRINT USING "##########";YR{I) ,PL(I), YR(I+15) ,PL(I+15) 
1580 NEXT I 
1590 REM ****************************************************************** 
1600 REM set initial elevation of east bay to be 4199.1 feet above msl. 
1610 REM This causes initial volume to be 669500 AF and the initial area 
162{) REM to equal 164600 acres. All Initial values are for October 1, 1981. 
1630 REM IE = initial elevation (or later the elevation of the previous month) 
1640 REM IV = initial volume ( do ) 
1650 REM IA = initial area ( do ) 
1660 REM IS = initial salt in rng/l 
1670 REM ****************************************************************** 
1680 SA = O:IN = O:MD = 0 
1690 IE=4199.1 :IV=669500!:IA=164600!:CF=60.38:IS = 200000!:SF=1.23353E-03 
1710 FOR I = 1 TO 30 : REM I is the year counter 
1720 PRINT #2, "Water Year is ";YR(I) 
1730 PRINT #2," Month Elev. Purrping Salinity" 
1740 PRINT 
1750 FOR J = 1 TO 12 : REM J is the month counter 
1760 PRINT #2, USING"#########.#"iJ,IE,PU,IS 
1770 QS = (EG(I,J»/CF : REM flow in cfs 
1780 SL(I,J) = (74.76*{QS~.4965»/{1.1) : REM Megagrarns per day salt 
1790 SL(I,J) = SL(I,J) * 30.44 : REM rnegagrarns per month salt 
1800 IS = IS * SF : REM rng/l to Megagrarns/AF 
1810 PS = PU * IS : REM mass of salt pumped out 
1820 IS = (IS*IV)-PS+SL{I,J): REM Megagrarns salt in East Bay 
1830 IF IE >= 4204 THEN GOTO 1860 
1840 PU = 0 
1850 GOTO 1870 
1860 PU = 361989! 
1870 K = 1 
1880 IF D{K,l) > IE GOTO 1900 
1890 K = K + 1: GOTO 1880 
1900 DZ = (IE-D(K-1,1»/(D{K,l)-D{K-1,l» 
1910 EL = EV(K,J) 
1920 MD= ({E (K) -E (K-1» *DZ) +E (K) +MD 
1930 IN=EG(I,J)+IN 
1940 IV=IV + EG(I,J)-EL-PU 
1950 IS = (IS/IV) /SF : REM rng/l in east bay 
1960 K = 1 
1970 IF D(K,5) > IV GOTO 1990 
1980 K = K + l:GOTO 1970 
1990 DZ = (IV-D(K-1,5»/(D(K,5)-D(K-1,5» 
2000 IE = DZ + D(K-1,1) : REM new elevation 
2010 SA=IA+SA 
2020 IA = (DZ * (D(K,4)-D(K-1,4» + D(K-1,4» 
2030 NEXT J 
2040 MD = MD/3.281 : REM mean depth 
2050 SA = (SA/12) *4047 : REM surface area 
2060 IN = IN * 1233 : REM inflow 
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2070 RT (I) = (SA*MD) /IN : REM residence time 
2080 P = (PL(I) * 1000000! * 1000)/SA : REM annual areal loading 
2090 PL(I) = (P/(MD/RT(I»)/(l + SQR(RT(I») : REM Vollenweider's ~ation 
2100 PRINT:PRINT #2, "No:r:malized annual areal phosphorus loading = "iPL(I) 
2110 PRINT:PRINT #2," Residence time = ";RT (I) 
2120 MD = 0: IN = 0: SA = 0 
2140 NEXT I 
2150 GOTO 3550 
2160 REM ****************************************************************** 
2170 REM SUBROUTINE to plot area-elevation-volume curves 
2180 REM ****************************************************************** 
2190 SCREEN 2 
2200 CLS 
2210 XM = 4E+07 - DX 
2220 YM = D(27,1) + 10 
2230 DX = (-2*10*10*10*10*10*10) :DT=DX/(-5) 
2240 WINDOW (DX,4150)-(XM,YM) :LINE (0,4170)-(0,YMr10) :LINE (0,4170)-(XM,4170) 
2250 X1=D(1,3) :X2=D(2,3) :Y1=D(1,1) :Y2=D(2,1) 
2260 LINE (0,4180) - (DT,4180) 
2270 LINE (0,4190) - (DT,4190) :LINE (0,4220) - (DT,4220) 
2280 LINE (0,4200) - (DT,4200) :LINE (0,4210) - (DT,4210) 
2290 LINE (X1,Y1) - (X2,Y2) 
2300 FOR I = 3 TO 27 
2310 LINE - (D(I,3),D(I,1» 
2320 NEXT I 
2330 X1=D(1,5) :X2=D(2,5) 
2340 LINE (Xl, Y1)- (X2, Y2) 
2350 FOR I = 3 TO 27 
2360 LINE - (D(I,5),D(I,1» 
2370 NEXT I 
2380 X1=D(1,7) :X2=D(2,7) 
2390 LINE (X1,Y1) - (X2,Y2) 
2400 FOR I = 3 TO 27 
2410 LINE - (D(I,7),D(I,1» 
2420 NEXT I 
2430 PRINT " ElEVATION VS VOI1JME FOR GREAT SALT lAKE WITH PUMPING" 
2440 PRINT 
2450 PRINT "1 2 
3":PRINT:PRINT 
2460 PRINT " E" : PRINT " L" : PRINT " E" :PRINT " V" : PRINT " An : PRINT " T" 
2470 PRINT " I" : PRINT II 0" : PRINT It Nil 
2480 PRINT:PRINT:PRINT:PRINT:PRINT 
2490 PRINT " VOLUME (ACRE-FEET) It 
2500 PRINT "MIN ELEV = "iD (1,1) i II MAX ELEV = ";D (27, 1) ; It MAX VOL = "iD (27,3) 
2510 PRINT "1 = East Bay, 2 = Main Lake, 3 = Entire Great Salt Lake" 
2520 PRINT:PRINT "Hit RETURN to continue"; : INPUT C 
2530 REM area vs elev plot 
2540 CLS 
2550 XM = D(27,2) + (13*100*100) 
2560 YM = D(27,1) + 10 
2570 DX = (-1*10*10*10*10*10) 
2580 WINDOW (DX,4150)-(XM,YM) :LINE (0,4170)-(0,YMr10) :LINE (0,4170)-(XM,4170) 
2590 DT = DT/10 
2600 X1=D(1,2):X2=D(2,2) :Y1=D(1,1) :Y2=D(2,1) 
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2610 LINE (0,4180) - (DT,4180) 
2620 LINE (0,4190) - (DT,4190):LINE (0,4220) - (DT,4220) 
2630 LINE (0,4200) - (DT,4200) :LINE (0,4210) - (DT,4210) 
2640 LINE (Xl,Yl) - (X2,Y2) 
2650 FOR I = 3 TO 27 
2660 LINE - (D(I,2),D(I,I» 
2670 NEXT I 
2680 Xl=D(I,4) :X2=D(2,4) 
2690 LINE (X1,Yl) - (X2,Y2) 
2700 FOR I = 3 TO 27 
2710 LINE - (D(I,4),D(I,1» 
2720 NEXT I 
2730 X1=D(1,6) :X2=D(2,6) 
2740 LINE (Xl,Y1) - (X2,Y2) 
2750 FOR I = 3 TO 27 
2760 LINE - (D(I,6),D(I,1» 
2770 NEXT I 
2780 PRINT " ELEVATION VS AREA FOR GREAT SALT LAKE WITH PUMPING" 
2790 PRINT :PRINT " 1 2 
3" 
2800 PRINT:PRINT 
2810 PRINT " E":PRINT " L":PRINT " E":PRINT " V":PRINT " A":PRINT .. Tn 
2820 PRINT " I":PRINT " O":PRINT " N" 
2830 PRINT:PRINT:PRINT:PRINT:PRINT 
2840 PRINT " AREA (ACRES)" 
2850 PRINT "MIN ELEV = ";D (1, 1) ;" MAX ELEV = ";D (27,1) ;" MAX AREA = ";D (27,2) 
2860 PRINT "1 = East Bay, 2 = Main Lake, 3 = Entire Great Salt Lake" 
2870 PRINT : PRINT "Hit RETURN to continue";: INPUT C 
2880 SCREEN 0 
2890 PlUNT "Do you want a tabular list of ELEV-AREA-VOL data? (1 = yes)"; 
2900 INPUT C 
2910 IF C <> 1 GOTO 3070 
2920 CLS 
2930 PRINT:PRINT:PRINT "ELEVATION GREAT SALT LAKE EAST BAY 
MAIN LAKE II 
2940 PRINT "(in Feet) AREA VOLUME AREA VOLUME AREA VOLUME" 
2950 PRINT " 
--------------------------------------------------
" 
2960 FOR I = 1 TO 18 
2970 PRINT USING "#4Ht###4Ht#.";D (I, 1) , D (I, 2) , D (I, 3) , D (1,4) , D (1,5) , D (1,6) -
,D(I,7) 
2980 NEXT I 
2990 PRINT "Hit RETURN to continue";: INPUT C:CLS 
3000 PRINT:PRINT:PRINT "ELEVATION GREAT SALT LAKE EAST BAY 
MAIN LAKE " 
3010 PRINT "(in Feet) AREA VOLUME AREA VOLUME AREA VOLUME" 
3020 PRINT " 
-------------------------------------------------
" 
3030 FOR I = 19 TO 27 
3040 PRINT USING "#########." iD (1,1) , D (I, 2) , D (I, 3) , D (1,4) , D (I, 5) , D (I, 6) ,-
D (I, 7) 
3050 NEXT I 
3060 PRINT "hit RETURN to continue";: INPUT C 
3070 RETURN 
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r ' 
L . 
3080 REM ********************************************************************* 
3090 REM end of plotting subroutine 
3100 REM ********************************************************************* 
3110 REM elevation-area-volurne data for Great Salt Lake, East Bay, Main Lake 
3120 REM ********************************************************************* 
3130 DATA 4170,144700,0,0,0,144700,0 
3140 DATA 4180,417000,2808000,0,0,417000,2808000 
3150 DATA 4185,498400,5097000,3000,7500,495400,5089500 
3160 DATA 4190,579700,7792000,9000,37500,570700,7754500 
3170 DATA 4193,640900,9623000,40200,142500,600700,9480500 
3180 DATA 4195,724800,10990000,61000,212500,663800,10968500 
3190 DATA 4196,786600,11740000,82000,284000,704600,11456000 
3200 DATA 4197,848500,12560000,108000,379000,740500,12181000 
3210 DATA 4198,910400,13440000,138000,502000,772400,12938000 
3220 DATA 4199,972200,14380000,162000,652000,810200,13728000 
3230 DATA 4200,1034000,15390000,188000,827000,846000,14563000 
3240 DATA 4201,1070000,16440000,206000,1024000,864000,15416000 
3250 DATA 4202,1147000,17550000,218000,1233000,929000,16317000 
3260 DATA 4203,1189000,18720000,234000,1462000,955000,17258000 
3270 DATA 4204,1232000,19930000,245000,1701500,987000,18228000 
3280 DATA 4205,1271000,21180000,255000,1951500,1016000,19228500 
3290 DATA 4206,1305000,22470000,280000,2219000,1025000,20251000 
3300 DATA 4207,1338000,23790000,305000,2519000,1033000,21270000 
3310 DATA 4208,1372000,25150000,328000,2859000,1044000,22291000 
3320 DATA 4209,1457000,26560000,387000,3232500,1070000,23327500 
3330 DATA 4210,1495000,28040000,400000,3626000,1095000,24414000 
3340 DATA 4211,1520000,29550000,408000,4030000,1112000,25520000 
3350 DATA 4212,1546000,31080000,418000,4443000,1128000,26637000 
3360 DATA 4214,1655000,32680000,437000,5296500,1218000,27383500 
3370 DATA 4216,1769000,34390000,462000,6194000,1307000,28196000 
3380 DATA 4218,1818000,36180000,491000,7147500,1327000,29032500 
3390 DATA 4220,1870000,38000000,530000,7658000,1340000,30342000 
3400 REM ********************************************************************* 
3410 REM net evaporation in feet by rnonth,eastbay,GSL 
3420 REM ********************************************************************* 
3430 DATA 10,.12,.12 
3440 DATA 11,.01,.01 
3450 DATA 12,0,0 
3460 DATA 1,0,0 
3470 DATA 2,0,0 
3480 DATA 3,.01,01 
3490 DATA 4,.09, .07 
3500 DATA 5,.3,.25 
3510 DATA 6, .55,.4 
3520 DATA 7,.8,.63 
3530 DATA 8,.69, .54 
3540 DATA 9, .43, .32 
3550 END 
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Appendix G: Salinity and Phosphorus Loading Model Output 
L . 
199 
8,000 cfs Pumps, Low Lake Scenario 
r -
201 
Water Year is 1981 
Month Elev. Pumping Salinity 
1.0 4199.1 0.0 200000.0 
2.0 4200.0 0.0 161076.2 
3.0 4201.1 0.0 129234.4 
4.0 4202.1 0.0 107030.3 
5.0 4202.9 0.0 93388.0 
6.0 4203.4 0.0 85622.7 
7.0 4204.0 0.0 78910.5 
8.0 4202.5 482652.0 100562.9 
9.0 4202.9 0.0 59888.7 
10.0 4203.1 0.0 58149.2 
11.0 4202.4 0.0 65041.1 
12.0 4201.8 0.0 71837.7 
Nonnalized annual areal phosphorus loading = 107.6372 
Residence time = 9.935121 
Water Year is 1982 
Month Elev. Pumping Salinity 
1.0 4201.6 0.0 74894.1 
2.0 4202.0 0.0 70245.2 
3.0 4202.4 0.0 65156.9 
4.0 4202.9 0.0 59683.6 
5.0 4203.4 0.0 55167.1 
6.0 4204.0 0.0 50768.5 
7.0 4203.4 482652.0 55488.9 
8.0 4205.2 0.0 29877.6 
9.0 4205.2 482652.0 30006.6 
10.0 4204.0 482652.0 26944.5 
11.0 4201.5 482652.0 28956.1 
12.0 4201.4 0.0 17333.1 
Nonnalized annual areal phosphorus loading = 98.04042 
Residence time = 7.07251 
Water Year is 1983 
Month Elev. Pumping Salinity 
1.0 4201. 9 0.0 15716.3 
2.0 4203.2 0.0 12806.9 
3.0 4204.5 0.0 10670.1 
4.0 4203.9 482652.0 11679.4 
5.0 4205.2 0.0 7020.5 
6.0 4204.4 482652.0 7833.4 
~ . 7.0 4204.2 482652.0 5959.3 
8.0 4204.1 482652.0 4508.0 
9.0 4204.8 482652.0 3010.0 
10.0 4205.9 482652.0 2047.1 
11.0 4204.8 482652.0 1917.2 
12.0 4203.4 482652.0 1826.2 
Nonnalized annual areal phosphorus loading = 95.1676 
"- Residence time = 4.365422 
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Water Year is 1984 
Month Elev. Pumping' Salinity 
1.0 4204.3 0.0 1164.6 
2.0 4203.9 482652.0 1315.4 
3.0 4205.5 0.0 818.1 
4.0 4205.6 482652.0 877.7 
5.0 4205.4 482652.0 757.5 
6.0 4204.9 482652.0 689.5 
7.0 4204.9 482652.0 592.7 
8.0 4205.4 482652.0 492.5 
9.0 4207.1 482652.0 390.6 
10.0 4207.8 482652.0 360.2 
11.0 4206.5 482652.0 400.7 
12.0 4205.0 482652.0 442.8 
Normalized. annual areal phos:phorus loading = 91.86027 
Residence time = 4.328935 
Water Year is 1985 
Month Elev. Pumping Salinity 
1.0 4203.9 482652.0 459.8 
2.0 4205.5 0.0 331.6 
3.0 4205.1 482652.0 414.0 
4.0 4204.6 482652.0 400.4 
5.0 4204.2 482652.0 389.1 
6.0 4203.5 482652.0 386.2 
7.0 4205.1 0.0 280.9 
8.0 4206.0 482652.0 333.0 
9.0 4205.6 482652.0 340.0 
10.0 4203.6 482652.0 391.6 
11.0 4203.4 0.0 334.8 
12.0 4203.3 0.0 392.2 
Normalized. annual areal phosphorus loading = 92.52419 
Residence time = 5.714652 
Water Year is 1986 
Month Elev. Pumping Salinity 
1.0 4203.7 0.0 428.1 
2.0 4204.4 0.0 437.3 
3.0 4203.4 482652.0 571.6 
4.0 4204.6 0.0 393.6 
5.0 4203.8 482652.0 507.9 
6.0 4206.1 0.0 338.0 L -' 
7.0 4206.9 482652.0 377.5 
8.0 4207.7 482652.0 340.2 
9.0 4208.6 482652.0 315.3 
10.0 4208.5 482652.0 326.4 
11.0 4207.5 482652.0 361.6 
12.0 4206.3 482652.0 398.2 
Normalized annual areal phos:phorus loading = 89.60987 
Residence time == 4.843612 
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Water Year is 1987 
Month Elev. P1..mping Salinity 
1.0 4205.2 482652.0 419.8 
2.0 4204.8 482652.0 405.6 
3.0 4204.4 482652.0 391.6 
4.0 4204.0 482652.0 381.6 
5.0 4205.4 0.0 286.0 
6.0 4204.8 482652.0 373.6 
7.0 4204.4 482652.0 364.3 
8.0 4205.3 482652.0 324.7 
9.0 4205.0 482652.0 334.0 
10.0 4203.0 482652.0 387.7 
11.0 4202.8 0.0 326.0 
12.0 4202.7 0.0 387.4 
Normalized annual areal phosphorus loading = 93.06036 
Residence time = 5.621636 
Water Year is 1988 
Month Elev. P1..mping Salinity 
1.0 4203.1 0.0 425.7 
2.0 4203.7 0.0 442.5 
3.0 4204.3 0.0 450.6 
4.0 4203.0 482652.0 607.3 
5 .• 0 4203.9 0.0 412.3 
6.0 4204.8 0.0 415.1 
7.0 4204.0 482652.0 530.8 
8.0 4205.7 0.0 368.9 
9.0 4205.9 482652.0 434.2 
10.0 4205.1 482652.0 443.6 
11.0 4203.0 482652.0 517.4 
12.0 4202.8 0.0 407.2 
Normalized annual areal phosphorus loading = 93.19433 
Residence time = 6.987911 
Water Year is 1989 
Month Elev. P1..mping Salinity 
1.0 4203.0 0.0 448.8 
2.0 4203.8 0.0 457.7 
3.0 4204.7 0.0 456.2 
4.0 4203.8 482652.0 582.4 
5.0 4204.8 0.0 413.5 
6.0 4204.1 482652.0 524.8 
7.0 4203.3 482652.0 495.2 
8.0 4205.1 0.0 336.7 
9.0 4205.0 482652.0 420.4 
10.0 4203.2 482652.0 469.2 
11.0 4202.8 0.0 388.5 
12.0 4202.7 0.0 450.7 
Normalized annual areal phosphorus loading = 94.05088 
Residence time = 6.955266 
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Water Year is 1990 
Month Elev. Pumping Salinity 
1.0 4202.8 0.0 495.1 
2.0 4203.5 0.0 502.3 
3.0 4204.3 0.0 501.0 
4.0 4203.2 482652.0 654.7 
5.0 4204.2 0.0 441.2 
6.0 4203.2 482652.0 579.5 
7.0 4204.5 0.0 391.4 
8.0 4205.2 482652.0 442.4 
9.0 4206.2 482652.0 380.1 
10.0 4205.0 482652.0 411.4 
11.0 4202.7 482652.0 488.4 
12.0 4202.4 0.0 382.6 
Normalized annual areal phosphorus loading = 94.14394 
Residence time = 6.074543 
Water Year is 1991 
Month Elev. Pumping Salinity 
1.0 4202.5 0.0 431.5 
2.0 4203.0 0.0 450.8 
3.0 4203.8 0.0 454.2 
4.0 4204.7 0.0 453.4 
5.0 4203.8 482652.0 581.6 
6.0 4204.6 0.0 417.0 
7.0 4203.5 482652.0 547.5 
8.0 4204.5 0.0 391.0 
9.0 4203.3 482652.0 537.2 
10.0 4203.9 0.0 400.2 
11.0 4203.3 0.0 468.6 
12.0 4202.8 0.0 541.8 
Normalized annual areal phosphorus loading = 95.57904 
Residence time = 9.699874 
Water Year is 1992 
Month Elev. Pumping Salinity 
1.0 4202.5 0.0 597.0 
2.0 4202.8 0.0 616.0 
3.0 4203.3 0.0 617.1 
4.0 4203.8 0.0 615.5 
5.0 4204.3 0.0 612.7 
6.0 4202.9 482652.0 815.5 
7.0 4203.6 0.0 537.7 
8.0 4204.2 0.0 540.8 
9.0 4202.1 482652.0 796.0 
10.0 4201.8 0.0 563.5 
11.0 4201.1 0.0 677.1 
12.0 4200.5 0.0 806.1 
Normalized annual areal phosphorus loading = 109.3039 
Residence time = 15.86548 
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Water Year is 1993 
Month Elev. Pumping Salinity 
1.0 '4200.2 0.0 896.7 
2.0 4200.5 0.0 907.7 
3.0 4201.0 0.0 888.5 
4.0 4201.4 0.0 871.5 
5.0 4201.9 0.0 854.6 
6.0 4202.3 0.0 843.1 
7.0 4203.0 0.0 810.6 
8.0 4203.7 0.0 780.2 
9.0 4204.1 0.0 786.7 
10.0 4201.9 482652.0 1178.0 
11.0 4201.2 0.0 840.6 
12.0 4200.7 0.0 982.8 
Normalized annual areal phosphorus loading = 114.9482 
Residence time = 13.26221 
Water Year is 1994 
Month Elev. Pumping Salinity 
1.0 4200.5 0.0 1078.3 
2.0 4200.8 0.0 1075.0 
3.0 4201.3 0.0 1029.5 
4.0 4202.2 0.0 952.3 
5.0 4203.1 0.0 883.8 
6.0 4203.7 0.0 854.5 
7.0 4204.6 0.0 801. 7 
8.0 4203.6 482652.0 990.4 
9.0 4204.5 0.0 671.4 
10.0 4202.3 482652.0 990.8 
11.0 4201.6 0.0 742.0 
12.0 4201.1 0.0 862.0 
Normalized annual areal phosphorus loading = 104.7014 
Residence time = 10.12189 
Water Year is 1995 
Month Elev. Pumping Salinity 
1.0 4200.8 0.0 950.4 
2.0 4201.2 0.0 950.4 
3.0 4201.7 0.0 921.0 
4.0 4202.2 0.0 890.2 
5.0 4202.8 0.0 867.7 
6.0 4203.4 0.0 837.6 
7.0 4204.2 0.0 797.8 
8.0 4203.0 482652.0 1016.8 
9.0 4204.4 0.0 627.4 
10.0 4203.0 482652.0 852.3 
11.0 4202.3 0.0 671.4 
12.0 4201.9 0.0 771.0 
Normalized annual areal phosphorus loading = 102.8503 
Residence time = 9.555301 
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Water Year is 1996 
Month Elev. Pumping Salinity 
1.0 4201.8 0.0 830.5 
2.0 4202.3 0.0 818.9 
3.0 4202.9 0.0 794.6 
4.0 4203.5 0.0 771.4 
5.0 4204.1 0.0 753.4 
6.0 4202.9 482652.0 971.3 
7.0 4203.8 0.0 621.8 
8.0 4205.1 0.0 580.8 
9.0 4204.1 482652.0 732.9 
10.0 4201.8 482652.0 822.0 
11.0 4201.1 0.0 589.1 
12.0 4200.7 0.0 698.2 
Nonnalized annual areal phosphorus loading = 101.4026 
Residence time = 9.825677 
water Year is 1997 
Month Elev. Pumping Salinity 
1.0 4200.6 0.0 766.4 
2.0 4200.9 0.0 780.0 
3.0 4201.5 0.0 763.9 
4.0 4202.1 0.0 746.3 
5.0 4202.6 0.0 733.5 
6.0 4203.2 0.0 722.3 
7.0 4203.7 0.0 713.0 
8.0 4204.3 0.0 703.9 
9.0 4202.2 482652.0 1016.3 
10.0 4201.8 0.0 715.0 
11.0 4201.1 0.0 847.2 
12.0 4200.6 0.0 994.3 
Normalized annual areal phospho.rus loading = 115.0704 
Residence time = 14.75657 
Water Year is 1998 
Month Elev. Pumping Salinity 
1.0 4200.4 . 0.0 1077.2 
2.0 4200.8 0.0 1063.9 
3.0 4201.2 0.0 1038.3 
4.0 4201.7 0.0 1013.3 
5.0 4202.1 0.0 989.1 
6.0 4202.5 0.0 966.8 
7.0 4203.4 0.0 904.8 
8.0 4204.1 0.0 865.6 
9.0 4202.2 482652.0 1229.9 
10.0 4201.7 0.0 857.5 
11.0 4201.0 0.0 1015.5 
12.0 4200.4 0.0 1182.8 
Normalized annual areal phosphorus loading = 118.0931 
Residence time = 14.58564 
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Water Year is 1999 
Month Elev. Purrping Salinity 
1.0 4200.1 0.0 1305.5 
2.0 4200.3 0.0 1308.1 
3.0 4200.8 0.0 1248.8 
4.0 4201.2 0.0 1204.8 
5.0 4201.6 0.0 1175.8 
6.0 4202.1 0.0 1135.7 
7.0 4202.6 0.0 1092.4 
8.0 4202.9 0.0 1081. 6 
9.0 4202.7 0.0 1142.7 
10.0 4202.2 0.0 1264.8 
11.0 4201.4 0.0 1485.1 
12.0 4200.7 0.0 1718.6 
Nonnalized. annual areal phosphorus loading = 132.39 
Residence time = 20.39352 
Water Year is 2000 
Month Elev. Purrping Salinity 
1.0 4200.4 0.0 1865.4 
2.0 4200.6 0.0 1847.8 
3.0 4201.0 0.0 1774.4 
4.0 4201.4 0.0 1696.5 
5.0 4201.8 0.0 1634.2 
6.0 4202.9 0.0 1423.2 
7.0 4203.6 0.0 1324.8 
8.0 4204.8 0.0 1176.3 
9.0 4203.6 482652.0 1457.3 
10.0 4203.5 0.0 1078.5 
11.0 4202.9 0.0 1225.8 
12.0 4202.3 0.0 1380.3 
Nonnalized. annual areal phosphorus loading = 106.7825 
Residence time = 11.48915 
Water Year is 2001 
Month Elev. Pumping Salinity 
1.0 4202.0 0.0 1490.3 
2.0 4202.2 0.0 1485.3 
3.0 4202.5 0.0 1434.2 
4.0 4202.9 0.0 1390.9 
5.0 4203.3 0.0 1354.2 
6.0 4203.9 0.0 1282.4 
7.0 4204.3 0.0 1248.9 
8.0 4202.9 482652.0 1607.0 
9.0 4203.3 0.0 1048.5 
10.0 4203.3 0.0 1102.1 
11. 0 4202.6 0.0 1265.8 
12.0 4202.0 0.0 1434.8 
Nonnalized. annual areal phosphorus loading = 108.0706 
Residence time = 16.4725 
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Water Year is 2002 
Month Elev. Pumping Salinity 
1.0 4201.8 0.0 1520.4 
2.0 4202.0 0.0 1512.4 
3.0 4202.5 0.0 1442.4 
4.0 4202.9 0.0 1392.1 
5.0 4203.3 0.0 1346.1 
6.0 4203.7 0.0 1303.2 
7.0 4204.2 0.0 1257.3 
8.0 4203.2 482652.0 1521.9 
9.0 4204.4 0.0 946.9 
10.0 4203.3 482652.0 1192.2 
11.0 4202.6 0.0 940.1 
12.0 4202.0 0.0 1069.3 
Normalized annual areal phosPhorus loading = 101.5481 
Residence time = 11.45082 
Water Year is 2003 
Month Elev. Pumping Salinity 
1.0 4201.7 0.0 1163.3 
2.0 4201. 9 0.0 1169.1 
3.0 4202.3 0.0 1137.0 
4.0 4203.0 0.0 1068.2 
5.0 4203.7 0.0 1020.2 
6.0 4204.4 0.0 969.8 
7~0 4203.0 482652.0 1248.6 
8.0 4204.0 0.0 778.8 
9.0 4203.0 482652.0 982.4 
10.0 4203.6 0.0 674.6 
11.0 4203.1 0.0 764.6 
12.0 4202.9 0.0 842.3 
Normalized annual areal phosphorus loading = 99.24363 
Residence time = 9.542671 
Water Year is 2004 
Month Elev. Pumping Salinity 
1.0 4203.2 0.0 858.0 
2.0 4203.9 0.0 829.4 
3.0 4204.7 0.0 790.9 
4.0 4203.6 482652.0 987.6 
5.0 4204.4 0.0 664.7 
6.0 4203.2 482652.0 853.1 
7.0 4204.3 0.0 557.1 
8.0 4203.1 482652.0 733.5 
9.0 4203.3 0.0 524.0 
10.0 4202.9 0.0 587.5 
11.0 4202.2 0.0 687.4 
12.0 4201.6 0.0 797.1 
Normalized annual areal phosphorus loading = 98.75204 
Residence time = 11. 73733 
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Water Year is 2005 
Month Elev. Pt.mping Salinity 
1.0 4201.4 0.0 874.3 
2.0 4201.6 0.0 891.2 
3.0 4201. 9 0.0 883.5 
4.0 4202.4 0.0 869.3 
5.0 4202.8 0.0 855.3 
6.0 4203.2 0.0 844.2 
7.0 4203.8 0.0 822.0 
8.0 4204.4 0.0 799.6 
9.0 4203.3 482652.0 1018.5 
10.0 4204.2 0.0 673.9 
11.0 4201.7 482652.0 1071.8 
12.0 4201.4 0.0 721.3 
Normalized annual areal phosphorus loading = 103.3405 
Residence time = 10.79536 
Water Year is 2006 
Month Elev. Pt.mping Salinity 
, - 1.0 4201.5 0.0 772.7 
2.0 4202.1 0.0 754.0 
3.0 4202.9 0.0 723.5 
4.0 4203.6 0.0 698.6 
5.0 4204.4 0.0 679.6 
6.0 4202.9 482652.0 897.4 
7.0 4203.8 0.0 579.9 
8.0 4204.5 0.0 576.7 
9.0 4202.7 482652.0 806.3 
10.0 4203.2 0.0 559.5 
11.0 4202.5 0.0 655.9 
12.0 4202.2 0.0 741.8 
Normalized annual areal phosphorus loading = 100.7807 
Residence time = 10.74828 
Water Year is 2007 
Month Elev. Pt.mping Salinity 
1.0 4202.0 0.0 808.7 
2.0 4202.4 0.0 802.6 
3.0 4203.2 0.0 766.7 
4.0 4204.0 0.0 732.7 
5.0 4203.2 482652.0 909.0 
6.0 4204.1 0.0 592.7 
7.0 4203.7 482652.0 707.5 
8.0 4205.4 0.0 463.7 
9.0 4204.3 482652.0 601.3 
10.0 4202.1 482652.0 668.4 
11.0 4201.6 0.0 504.6 
12.0 4201.1 0.0 599.1 
Normalized annual areal phosphorus loading = 98.29611 
Residence time = 8.103468 
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Water Year is 2008 
Month Elev. Pumping Salinity 
1.0 4200.8 0.0 673.5 
2.0 4201.3 0.0 679.8 
3.0 4202.0 0.0 663.1 
4.0 4202.8 0.0 645.0 
5.0 4203.6 0.0 621.5 
6.0 4204.3 0.0 614.8 
7.0 4202.9 482652.0 814.5 
8.0 4203.4 0.0 548.6 
9.0 4204.1 0.0 554.4 
10.0 4202.4 482652.0 802.1 
11.0 4201.7 0.0 607.7 
12.0 4201.1 0.0 711.7 
Nonnalized annui;il areal phosphorus loading = 104.0864 
Residence time = 10.3551 
Water Year is 2009 
Month Elev. Pumping Salinity 
1.0 4201.1 0.0 772.6 
2.0 4201.7 0.0 766.1 
3.0 4202.3 0.0 748.8 
4.0 4203.1 0.0 710.1 
5.0 4204.3 0.0 662.3 
6.0 4203.3 482652.0 827.8 
7.0 4204.6 0.0 535.7 
8.0 4204.5 482652.0 623.4 
9.0 4204.5 482652.0 546.9 
10.0 4204.1 482652.0 513.0 
11.0 4202.0 482652.0 587.8 
12.0 4201.8 0.0 432.9 
Nonnalized annual areal phosphorus loading = 97.6347 
Residence time = 5.759848 
Water Year is 2010 
Month Elev. Pumping Salinity 
1.0 4202.4 0.0 468.0 
2.0 4203.4 0.0 466.2 
3.0 4204.4 0.0 459.3 
4.0 4203,9 482652.0 587.8 
5.0 4204.8 0.0 404.3 
6.0 4204.1 482652.0 516.2 
7.0 4203.8 482652.0 466.1 
8.0 4205.6 0.0 327.8 
9.0 4205.1 482652.0 420.4 
10.0 4203.7 482652.0 454.6 
11.0 4203.5 0.0 380.8 
12.0 4203.2 0.0 442.7 
Nonnalized annual areal phosphorus loading = 93.80164 
Residence time = 6.395364 
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8,000 cfs Pumps, High Lake Scenarios 
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Water Year is 1981 
Month Elev. Purrping Salinity 
1.0 4199.1 0.0 200000.0 
2.0 4200.0 0.0 161076.2 
3.0 4201.1 0.0 129234.4 
4.0 4202.1 0.0 107030.3 
5;0 4202.9 0.0 93388.0 
6.0 4203.4 0.0 85622.7 
7.0 4204.0 0.0 78910.5 
8.0 4202.5 482652.0 100562.9 
9.0 4202.9 0.0 59888.7 
10.0 4203.1 0.0 58149.2 
11.0 4202.4 0.0 65041.1 
12.0 4201.8 0.0 71837.7 
Normalized annual areal phosphorus loading = 107.6372 
Residence time = 9.935121 
Water Year is 1982 
Month Elev. Purrping Salinity 
1.0 4201.6 0.0 74894.1 
2.0 4202.0 0.0 70245.2 
3.0 4202.4 0.0 65156.9 
4.0 4202.9 0.0 59683.6 
5.0 4203.4 0.0 55167.1 
6.0 4204.0 0.0 50768.5 
7.0 4203.4 482652.0 55488.9 
8.0 4205.2 0.0 29877.6 
9.0 4205.2 482652.0 30006.6 
10.0 4204.0 482652.0 26944.5 
11.0 4201.5 482652.0 28956.1 
12.0 4201.4 0.0 17333.1 
Normalized annual areal phosphorus loading = 98.04042 
Residence time = 7.07251 
Water Year is 1983 
Month Elev. Purrping Salinity 
1.0 4201.9 0.0 15716.3 
2.0 4203.2 0.0 12806.9 
3.0 4204.5 0.0 10670.1 
4.0 4203.9 482652.0 11679.4 
5.0 4205.2 0.0 7020.5 
6.0 4204.4 482652.0 7833.4 
7.0 4204.2 482652.0 5959.3 
8.0 4204.1 482652.0 4508.0 
9.0 4204.8 482652.0 3010.0 
10.0 4205.9 482652.0 2047.1 
11.0 4204.8 482652.0 1917.2 
12.0 4203.4 482652.0 1826.2 
Normalized annual areal phosphorus loading = 95.1676 
Residence time = 4.365422 
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Water Year is 1984 
Month E1ev. Pumping Salinity 
1.0 4204.3 0.0 1164.6 
2.0 4203.9 482652.0 1315.4 
3.0 4205.5 0.0 818.1 
4.0 4205.6 482652.0 877.7 
5.0 4205.4 482652.0 757.5 
6.0 4204.9 482652.0 689.5 
7.0 4204.9 482652.0 592.7 
8.0 4205.4 482652.0 492.5 
9.0 4207.1 482652.0 390.6 
10.0 4207.8 482652.0 360.2 
11.0 4206.5 482652.0 400.7 
12.0 4205.0 482652.0 442.8 
No:rmalized annual areal phosphorus loading = 91.86027 
Residence time = 4.328935 
Water Year is 1985 
Month Elev. Pumping Salinity 
1.0 4203.9 482652.0 459.8 
2.0 4205.5 0.0 331.6 
3.0 4205.1 482652.0 414.0 
4.0 4204.6 482652.0 400.4 
5.0 4204.2 482652.0 389.1 
6.0 4203.5 482652.0 386.2 
7.0 4205.1 0.0 280.9 
8.0 4206.0 482652.0 333.0 
9.0 4205.6 482652.0 340.0 
10.0 4203.6 482652.0 391.6 
11.0 4203.4 0.0 334.8 
12.0 4203.3 0.0 392.2 
Normalized annual areal phosphorus loading = 92.52419 
Residence time = 5.714652 
Water Year is 1986 
Month Elev. Pumping Salinity 
1.0 4203.7 0.0 428.1 
2.0 4204.4 0.0 437.3 
3.0 4203.4 482652.0 571.6 
4.0 4204.6 0.0 393.6 
5.0 4203.8 482652.0 507.9 
6.0 4206.1 0.0 338.0 
7.0 4206.9 482652.0 377 .5 
8.0 4207.7 482652.0 340.2 
9.0 4208.6 482652.0 315.3 
10.0 4208.5 482652.0 326.4 
11.0 4207.5 482652.0 361.6 
12.0 4206.3 482652.0 398.2 
No:rmalized annl,lal areal phosphorus loading = 89.60987 
Residence time = 4.843612 
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Water Year is 1987 
Month Elev. Purrping Salinity 
1.0 4205.2 482652.0 419.8 
2.0 4204.8 482652.0 405.6 
3.0 4204.4 482652.0 391.6 
4.0 4204.0 482652.0 381.6 
5.0 4205.4 0.0 286.0 
6.0 4204.8 482652.0 373.6 
7.0 4204.4 482652.0 364.3 
8.0 4205.3 482652.0 324.7 
9.0 4205.0 482652.0 334.0 
10.0 4203.0 482652.0 387.7 
11.0 4202.8 0.0 326.0 
12.0 4202.7 0.0 387.4 
Normalized annual areal phosphorus loading = 93.06036 
Residence time == 5.621636 
Water Year is 1988 
Month Elev. Pumping Salinity 
1.0 4203.1 0.0 425.7 
2.0 4203.5 0.0 445.9 
3.0 4204.1 0.0 456.8 
4.0 4202.9 482652.0 611.4 
5.0 4204.0 0.0 405.2 
6.0 4203.1 482652.0 538.3 
7.0 4204.4 0.0 365.1 
8.0 4204.3 482652.0 452.7 
9.0 4204.2 482652.0 419.4 
10.0 4203.8 482652.0 413.7 
11.0 4203.9 0.0 348.4 
12.0 4203.7 0.0 403.8 
Normalized annual areal phosphorus loading = 94.39595 
Residence time = 6.333384 
Water Year is 1989 
Month Elev. Purrping Salinity 
1.0 4204.1 0.0 435.2 
2.0 4203.1 482652.0 581.4 
3.0 4204.1 0.0 395.4 
4.0 4203.3 482652.0 521.3 
5.0 4204.6 0.0 359.2 
6.0 4203.7 482652.0 470.7 
7.0 4205.4 0.0 330.1 
8.0 4205.3 482652.0 406.1 
9.0 4204.8 482652.0 404.9 
10.0 4203.4 482652.0 438.2 
11.0 4203.2 0.0 366.1 
12.0 4202.9 0.0 429.9 
Normalized annual areal phosphorus loading = 93.60821 
Residence time = 6.432297 
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Water Year is 1990 
Month Elev. Pumping Salinity 
1.0 4203.2 0.0 466.6 
2.0 4204.8 0.0 441.9 
3.0 4204.4 482652.0 538.0 
4.0 4204.0 482652.0 496.2 
5.0 4205.4 0.0 353.2 
6.0 4204.7 482652.0 447.0 
7.0 4204.4 482652.0 421.5 
8.0 4205.3 482652.0 361.8 
9.0 4205.0 482652.0 363.7 
10.0 4203.0 482652.0 417.5 
11.0 4202.8 0.0 344.5 
12.0 4202.7 0.0 405.8 
Normalized annual areal phosphorus loading = 93.71323 
Residence time = 5.510822 
Water Year is 1991 
Month Elev. Pumping Salinity 
1.0 4203.1 0.0 442.9 
2.0 4203.4 0.0 465.2 
3.0 4203.8 0.0 478.0 
4.0 4204.3 0.0 486.4 
5.0 4202.8 482652.0 662.3 
6.0 4203.4 0.0 448.2 
7.0 4204.8 0.0 432.4 
8.0 4204.6 482652.0 517.8 
9.0 4204.6 482652.0 466.7 
10.0 4203.5 482652.0 486.6 
11.0 4203.1 0.0 402.9 
12.0 4202.9 0.0 467.7 
Normalized annual areal phosphorus loading = 94.56496 
Residence time = 7.805935 
Water Year is 1992 
Month Elev. Pumping Salinity 
1.0 4203.4 0.0 496.1 
2.0 4204.5 0.0 483.4 
3.0 4203.9 482652.0 603.4 
4.0 4205.2 0.0 417.3 
5.0 4204.6 482652.0 518.0 
6.0 4203.8 482652.0 495.4 
7.0 4205.5 0.0 343.4 
8.0 4205.4 482652.0 420.3 
9.0 4206.0 482652.0 375.7 
10.0 4206.9 482652.0 343.8 
11.0 4205.8 482652.0 379.2 
12.0 4204.4 482652.0 419.2 
Normalized annual areal phosphorus loading = 92.44919 
Residence time = 4.753272 
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Water Year is 1993 
Month Elev. Punping Salinity 
1.0 4203.4 482652.0 436.8 
2.0 4203.9 0.0 326.9 
3.0 4204".6 0.0 344.6 
4.0 4203.3 482652.0 472.4 
5.0 4204.1 0.0 338.8 
6.0 4203.1 482652.0 463.9 
7.0 4204.2 0.0 326.9 
8.0 4204.0 482652.0 419.1 
9.0 4204.3 482652.0 382.3 
10.0 4203.5 482652.0 399.6 
11.0 4203.5 0.0 337.2 
12.0 4203.3 0.0 395.4 
Normalized annual areal phosphorus loading = 94.15845 
Residence time = 6.792064 
Water Year is 1994 
Month Elev. Punping Salinity 
1.0 4203.5 0.0 435.9 
2.0 4204.2 0.0 445.6 
3.0 4203.1 482652.0 589.3 
4.0 4204.2 0.0 401.2 
5.0 4203.3 482652.0 531.5 
6.0 4204.5 0.0 366.5 
7.0 4203.8 482652.0 476.1 
8.0 4205.5 0.0 333.8 
9.0 4205.4 482652.0 413.2 
10.0 4203.7 482652.0 459.2 
11.0 4203.2 0.0 386.5 
12.0 4203.1 0.0 446.6 
Normalized annual areal phosphorus loading = 93.55578 
Residence time = 7.057167 
Water Year is 1995 
Month Elev. Punping Salinity 
1.0 4203.2 0.0 489.8 
2.0 4204.8 0.0 460.2 
3.0 4204.4 482652.0 557.5 
4.0 4204.0 482652.0 511.4 
5.0 4205.4 0.0 362.0 
6.0 4204.7 482652.0 456.7 
7.0 4204.4 482652.0 429.0 
8.0 4205.3 482652.0 366.6 
9.0 4205.0 482652.0 367.5 
10.0 4203.0 482652.0 421.4 
11.0 4202.8 0.0 347.1 
12.0 4202.7 0.0 408.6 
Normalized annual areal phosphorus loading = 93.75052 
Residence time = 5.504573 
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Water Year is 1996 
Month Elev. Pumping Salinity 
1.0 4203.1 0.0 445.5 
2.0 4203.7 0.0 460.5 
3.0 4204.3 0.0 467.1 
4.0 4203.0 482652.0 627.0 
5.0 4203.9 0.0 424.2 
6.0 4204.8 0.0 425.5 
7.0 4204.0 482652.0 542.3 
8.0 4205.7 0.0 375.7 
9.0 4205.9 482652.0 440.7 
10.0 4205.1 482652.0 449.2 
11.0 4203.0 482652.0 523.0 
12.0 4202.8 0.0 411.2 
Nonnalized. annual areal phosphorus loading = 93.1356 
Residence tine = 7.000063 
Water Year is 1997 
Month Elev. Pumping Salinity 
1.0 4203.1 0.0 452.6 
2.0 4204.0 0.0 453.5 
3.0 4203.1 482652.0 595.1 
4.0 4204.2 0.0 401.0 
5.0 4203.5 482652.0 517.4 
6.0 4204.7 0.0 365.1 
7.0 4204.5 482652.0 451.9 
8.0 4204.3 482652.0 418.1 
9.0 4203.8 482652.0 412.3 
10.0 4204.4 0.0 329.2 
11.0 4202.1 482652.0 533.3 
12.0 4201.9 0.0 402.2 
Nonnalized. annual areal phosphorus loading = 95.02109 
Residence tine = 6.168354 
Water Year is 1998 
Month Elev. Pumping Salinity 
1.0 4202.2 0.0 445.0 
2.0 4202.9 0.0 458.5 
3.0 4203.7 0.0 462.0 
4.0 4204.6 0.0 460.8 L ~ 
5.0 4203.6 482652.0 592.6 
6.0 4204.6 0.0 416.6 
7.0 4203.9 482652.0 528.5 L ~ 
8.0 4206.4 0.0 344.1 
9.0 4207.3 482652.0 382.8 
10.0 4206.2 482652.0 411.5 
11.0 4203.9 482652.0 
1;. ~ 
485.3 
12.0 4203.6 0.0 400.8 
Nonnalized. annual areal phosphorus loading = 91.918 
Residence tine = 6.495164 
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Water Year is 1999 
Month Elev. Pumping Salinity 
1.0 4203.7 0.0 442.5 
2.0 4204.8 0.0 438.2 
3.0 4204.1 482652.0 549.2 
4.0 ' 4203.5 482652.0 509.4 
5.0 4204.9 0.0 355.7 
6~0 4204.1 482652.0 460.8 
7.0 4203.9 482652.0 423.3 
8.0 4205.6 0.0 306.0 
9.0 4206.3 482652.0 359.9 
10.0 4207.1 . 482652.0 333.5 
11.0 4206.0 482652.0 371.5 
12.0 4204.6 482·652.0 414.6 
Normalized annual areal phosphorus loading = 92.33886 
Residence time = 4.763306 
Water Year is 2000 
Month Elev. Pumping Salinity 
1.0 4203.5 482652.0 432.3 
2.0 4204.2 0.0 325.7 
3.0 4203.0 482652.0 455.0 
4.0 4203.9 0.0 322.9 
5.0 4204.9 0.0 335.6 
6.0 4203.9 482652.0 445.2 
7.0 4205.1 0.0 326.4 
8.0 4205.8 482652.0 379.3 
9.0 4206.7 482652.0 340.7 
10.0 4205.6 482652.0 372.4 
11.0 4203.3 482652.0 445.1 
12.0 4203.0 0.0 364.1 
Normalized annual areal phosphorus loading = 92.16296 
Residence time = 6.447179 
Water Year is 2001 
Month Elev. Pumping Salinity 
1.0 4203.1 0.0 410.0 
2.0 4203.8 0.0 423.9 
3.0 4204.7 0.0 427.2 
4.0 4203.6 482652.0 558.4 
5.0 4204.6 0.0 394.8 
6.0 4203.6 482652.0 518.1 
7.0 4205.0 0.0 362.5 
8.0 4204.3 482652.0 464.8 
9.0 4203.7 482652.0 453.6 
( - 10.0 4203.8 0.0 365.3 
11.0 4203.3 0.0 431.6 
1.-- 12.0 4202.8 0.0 501.2 
Normalized annual areal phosphorus loading = 93.84374 
Residence time = 8.234471 
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Water Year is 2002 
Month Elev. Purcping Salinity 
1.0 4203.0 0.0 539.0 
2.0 4203.5 0.0 549.0 
3.0 4204.3 0.0 541.5 
4.0 4203.2 482652.0 700.0 
5.0 4204.3 0.0 469.7 
6.0 4203.1 482652.0 621.4 
7.0 4204.0 0.0 423.1 
8.0 4203.0 482652.0 568.8 
9.0 4203.8 0.0 401.1 
10.0 4204.4 0.0 428.7 
11.0 4201. 7 482652.0 703.6 
12.0 4201.2 0.0 494.7 
Nonnalized annual areal phosphorus loading = 97.41958 
Residence time = 9.221715 
Water Year is 2003 
Month Elev. Purcping Salinity 
1.0 4200.9 0.0 562.8 
2.0 4201.2 0.0 588.0 
3.0 4201.8 0.0 591.9 
4.0 4202.3 0.0 592.4 
5.0 4202.9 0.0 591.0 
6.0 4203.5 0.0 589.6 
7.0 4204.2 0.0 582.0 
8.0 4202.8 482652.0 779.6 
9.0 4202.8 0.0 554.4 
10.0 4202.4 0.0 622.5 
11.0 4201.7 0.0 736.9 
12.0 4201.1 0.0 856.1 
Normalized annual areal phosphorus loading = 112.266 
Residence time = 14.83537 
Water Year is 2004 
Month Elev. Purcping Salinity 
1.0 4200.9 0.0 941.3 
2.0 4201.2 0.0 948.7 
3.0 4201.6 0.0 928.5 
4.0 4202.1 0.0 910.3 
5.0 4202.5 0.0 892.1 
6.0 4202.9 0.0 879.2 
7.0 4203.6 0.0 845.9 
8.0 4204.3 0.0 814.3 l,., 
9.0 4202.7 482652.0 1105.9 
10.0 4202.5 0.0 783.4 
11.0 4201.8 0.0 916.2 
12.0 420,1.3 0.0 1049.8 
Normalized annual areal phosphorus loading = 111. 7416 ' -
Residence time = 14.25014 
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water Year is 2005 
. Month Elev . Pumping Salinity 
1.0 4201.1 0.0 1142.0 
2.0 4201.3 0.0 1137.2 
3.0 4201.9 0.0 1090.6 
4.0 4202.7 0.0 1012.0 
5.0 4203.6 0.0 941.0 
6.0 4204.2 0.0 908.9 
7.0 4203.1 482652.0 1129.0 
8.0 4204.1 0.0 720.3 
9.0 4203.0 482652.0 927.4 
10.0 4202.9 0.0 683.8 
11.0 4202.2 0.0 796.4 
12.0 4201.6 0.0 917.7 
Normalized annual areal phosphorus loading = 103.2821 
Residence time = 10.4908 
Water Year is 2006 
Month Elev. Pumping Salinity 
1.0 4201.4 0.0 999.7 
2.0 4201.7 0.0 998.1 
3.0 4202.2 0.0 967.1 
4.0 4202.7 0.0 934.7 
5.0 4203.2 0.0 910.5 
6.0 4203.8 0.0 878.6 
7.0 4204.6 0.0 836.9 
8.0 4203.5 482652.0 1047.3 
9.0 4204.9 0.0 667.2 
10.0 4203.5 482652.0 885.2 
11.0 4202.8 0.0 710.8 
12.0 4202.4 0.0 805.1 
Normalized annual areal phosphorus loading = 99.97956 
Residence time = 10.29534 
Water Year is 2007 
Month Elev. Purrping Salinity 
1.0 4202.3 0.0 864.5 
2.0 4202.8 0.0 852.2 
3.0 4203.3 0.0 826.5 
4.0 4204.0 0.0 801.9 
5.0 4204.5 0.0 782.6 
6.0 4203.3 482652.0 991.6 
7.0 4204.2 0.0 654.5 
8.0 4203.6 482652.0 795.0 
9.0 4204.6 0.0 545.5 
10.0 4202.3 482652.0 821.2 
11.0 4201.6 0.0 617.8 
12.0 4201.2 0.0 719.2 
Normalized annual areal phosphorus loading = 99.49164 
Residence time = 10.32984 
c . 
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Water Year is 2008 
Month Elev. Pumping Salinity 
1.0 4201.1 0.0 784.9 
2.0 4201.4 0.0 797.3 
3.0 4201.9 0.0 780.9 
4.0 4202.5 0.0 762.8 
5.0 4203.0 0.0 749.5 
6.0 4203.6 0.0 737.7 
7.0 4204.1 0.0 727.8 
8.0 4202.6 482652.0 970.0 
9.0 4202.6 0.0 670.6 
10.0 4202.3 0.0 748.8 
11.0 4201.6 0.0 883.8 
12.0 4201.0 0.0 1022.9 
Normalized annual areal phosphorus loading = 113.0952 
Residence time = 15.41335 
Water Year is 2009 
Month Elev. Pumping Salinity 
1.0 4200.9 0.0 1099.3 
2.0 4201.2 0.0 1085.6 
3.0 4201.6 0.0 1060.4 
4.0 4202.1 0.0 1035.6 
5.0 4202.5 0.0 1011.3 
6.0 4202.9 0.0 988.8 
7.0 4203.7 0.0 927.5 
8.0 4204.4 0.0 887.8 
9.0 4202.5 482652.0 1236.9 
10.0 4202.1 0.0 887.5 
11.0 4201.3 0.0 1049.6 
12.0 4200.7 0.0 1218.9 
Normalized annual areal phosphorus loading = 115.1416 
Residence time = 15.54842 
Water Year is 2010 
Month Elev. Pumping Salinity 
1.0 4200.4 0.0 1335.4 
2.0 4200.6 0.0 1336.6 ~ ~ 
3.0 4201.1 0.0 1278.3 
4.0 4201.5 0.0 1234.4 
5.0 4201. 9 0.0 1205.2 
6.0 4202.3 0.0 1164.8 
7.0 4202.8 0.0 1121.0 
8.0 4203.2 0.0 1109.2 
9.0 4202.9 0.0 1171.3 
10.0 4202.4 0.0 1290.4 
11.0 4201.7 0.0 1503.0 
12.0 4201.0 0.0 1725.2 
Normalized annual areal phosphorus loading = 129.3973 
Residence time = 21.562 
l • 
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6,000 cfs Pumps, Low Lake Scenario 
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Water Year is 1981 
Month Elev. Pumping Salinity 
1.0 4199.1 0.0 200000.0 
2.0 4200.0 0.0 161076.2 
3.0 4201.1 0.0 129234.4 
4.0 4202.1 0.0 107030.3 
5.0 4202.9 0.0 93388.0 
6.0 4203.4 0.0 85622.7 
7.0 4204.0 0.0 78910.5 
8.0 4203.0 361989.0 92241.5 
9.0 4203.4 0.0 64973.6 
10.0 4203.6 0.0 63463.5 
11.0 4202.9 0.0 70383.8 
12.0 4202.4 0.0 77095.1 
Normalized annual areal phosphorus loading = 106.2287 
Residence time = 10.28521 
Water Year is 1982 
Month Elev. Pumping Salinity 
1.0 4202.1 0.0 80513.2 
2.0 4202.4 0.0 76023.7 
3.0 4202.9 0.0 70927.8 
4.0 4203.4 0.0 65370.5 
5.0 4203.9 0.0 60731.6 
6.0 4204.4 0.0 56167.4 
7.0 4204.4 361989.0 56935.2 
8.0 4204.7 361989.0 43420.9 
9.0 4205.2 361989.0 32932.8 
10.0 4204.5 361989.0 29773.4 
11.0 4202.6 361989.0 31613.2 
12.0 4202.4 0.0 24197.5 
Normalized annual areal phosphorus loading = 95.53668 
Residence time :::; 7.591801 
Water Year is 1983 
Month Elev. Pumping Salinity 
1.0 4202.9 0.0 22368.0 
2.0 4204.1 0.0 18736.7 
3.0 4203.9 361989.0 19363.1 
4.0 4205.2 0.0 12684.4 
5.0 4205.1 361989.0 12994.6 
6.0 4204.8 361989.0 11064.7 
Q. 7.0 4205.1 361989.0 8674.6 
8.0 4205.4 361989.0 6881.5 
9.0 4206.5 361989.0 5008.0 
10.0 4207.6 361989.0 3723.2 
11.0 4207.0 . 361989.0 3558.4 
12.0 4206.1 361989.0 3452.5 
Normalized ann~al areal phosphorus loading :::; 91.22961 
Residence time :::; 4.940457 
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Water Year is 1984 
Month Elev. Pl.Irrping Salinity 
1.0 4205.5 361989.0 3177.8 
2.0 4205.6 361989.0 2672.8 
3.0 4205.8 361989.0 2231.4 
4.0 4206.3 361989.0 1801.3 
5.0 4206.6 361989.0 1525.8 
6.0 4206.5 361989.0 1362.2 
7.0 4206.8 361989.0 1157.0 
8.0 4207.7 361989.0 952.3 
9.0 4209.2 361989.0 745.8 
10.0 4210.1 361989.0 660.0 
11.0 4209.1 361989.0 695.9 
12.0 4208.2 361989.0 732.5 
Normalized annual areal phosphorus loading = 85.35957 
Residence time = 5.360234 
Water Year is 1985 
Month Elev. Pl.Irrping Salinity 
1.0 4207.6 361989.0 733.6 
2.0 4207.7 361989.0 680.9 
3.0 4207.7 361989.0 633.9 
4.0 4207.8 361989.0 595.7 
5.0 4207.8 361989.0 562.9 
6.0 4207.6 361989.0 541.3 
7.0 4207.7 361989.0 511.2 
8.0 4208.7 361989.0 452.7 
9.0 4208.7 361989.0 447.2 
10.0 4207.5 361989.0 488.7 
11.0 4205.9 361989.0 552.1 
12.0 4204.3 361989.0 611. 9 
Normalized annual areal phosphorus loading = 81.36311 
Residence time = 8.154642 
, -
Water Year is 1986 
Month Elev. Putnping Salinity 
1.0 4203.2 361989.0 639.9 
2.0 4204.0 0.0 488.7 
3.0 4204.9 0.0 481.9 
4.0 4204.6 361989.0 560.1 
5.0 4204.3 361989.0 533.6 
6.0 4205.2 361989.0 458.2 
7.0 4206.5 361989.0 393.9 
8.0 4207.7 361989.0 352.0 
9.0 4208.9 361989.0 325.1 
10.0 4209.1 361989.0 334.1 
11.0 4208.5 361989.0 366.0 
12.0 4207.6 361989.0 402.2 
Normalized annual areal phosphorus loading = 88.39572 
Residence time = 5.039061 
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water Year is 1987 
Month Elev. Pumping. Salinity 
1.0 4207.1 361989.0 420.5 
2.0 4207.1 361989.0 410.7 
3.0 4207.2 361989.0 400.3 
4.0 4207.2 361989.0 392.5 
5.0 4207.2 361989.0 386.0 
6.0 4207.1 361989.0 384.6 
7.0 4207.2 361989.0 376.5 
8.0 4208.2 361989.0 346.8 
9.0 4208.2 361989.0 353.8 
10.0 4206.9 361989.0 395.7 
11.0 4205.3 361989.0 455.0 
12.0 4203.6 361989.0 518.0 
Normalized annual areal phosphorus loading = 83.60207 
Residence time 7.575576 
Water Year is 1988 
Month Elev. Pumping Salinity 
1.0 4204.0 0.0 435.6 
2.0 4204.5 0.0 449.6 
3.0 4203.7 361989.0 557.6 
4.0 4204.4 0.0 441.5 
5.0 4203.8 361989.0 540.0 
6.0 4204.7 0.0 423.1 
7.0 4204.4 361989.0 505.0 
8.0 4204.7 361989.0 463.8 
9.0 4205.4 361989.0 419.9 
10.0 4205.0 361989.0 431.3 
11.0 4203.4 361989.0 499.9 
12.0 4203.2 0.0 444.0 
Normalized annual areal phosphorus loading = 92.14981 
Residence time = 7.20796 
Water Year is 1989 
Month Elev. Pumping Salinity 
1.0 4203.4 0.0 483.4 
2.0 4204.2 0.0 488.2 
3.0 4203.6 361989.0 592.2 
4.0 4204.7 0.0 452.4 
5.0 4204.2 361989.0 541.2 
6.0 4203.9 361989.0 513.7 
7.0 4205.2 0.0 399.5 
8.0 4205.5 361989.0 453.8 
9.0 4205.8 361989.0 429.7 
10.0 4204.6 361989.0 469.6 
11.0 4202.6 361989.0 553.6 
12.0 4202.5 0.0 472.5 
Normalized annual areal phosphorus loading = 92.73326 
\.. ~ Residence time = 7.230535 
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Water Year is 1990 
Month Elev. Purtping Salinity 
1.0 4202.7 0.0 517.8 
2.0 4203.3 0.0 522.8 
3.0 4204.1 0.0 519.3 
4.0 4203.5 361989.0 628.7 
5.0 4204.5 0.0 476.4 
6.0 4204.0 361989.0 569.8 
7.0 4203.8 361989.0 533.5 
8.0 4206.4 0.0 372.7 
9.0 4207.6 361989.0 390.6 
10.0 4206.9 361989.0 416.3 
11.0 4205.2 361989.0 477.8 
12.0 4203.4 361'989.0 547.7 
Normalized annual areal phosphorus loading ~ 91.06721 
Residence time = 6.665244 
Water Year is 1991 
Month Elev. Purtping Salinity 
1.0 4203.5 0.0 463.8 
2.0 4204.0 0.0 478.6 
3.0 4204.7 0.0 478.7 
4.0 4204.2 361989.0 573.9 
5.0 4203.7 361989.0 551.0 
6.0 4204.5 0.0 432.6 
7.0 4204.0 361989.0 526.8 
8.0 4204.9 0.0 419.4 
9.0 4204.2 361989.0 522.7 
10.0 4203.3 361989.0 544.4 
11.0 4202.7 0.0 494.0 
12.0 4202.2 0.0 574.4 
Normalized annual areal phosphorus loading = 94.69794 
Residence time = 9.939788 
Water Year is 1992 
Month Elev. Purtping Salinity 
1.0 4201.9 0.0 637.2 
2.0 4202.2 0.0 655.4 
3.0 4202.7 0.0 653.3 
4.0 4203.2 0.0 648.7 
5.0 4203.8 0.0 643.0 
6.0 4204.3 0.0 637.9 
7.0 4203.5 361989.0 769.4 ' ~ 
8.0 4204.2 0.0 592.6 
9.0 4202.6 361989.0 794.1 
10.0 4202.2 0.0 656.0 
11.0 4201.5 0.0 779.1 
12.0 4200.9 0.0 908.2 
Normalized annual areal phosphorus loading = 109.0417 
Residence time = 15.96108 t _-' 
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Water Year is 1993 
Month Elev. Pumping Salinity 
1.0 4200.7 0.0 994.3 
2.0 4201.0 0.0 999.0 
3.0 4201.5 0.0 974.0 
4.0 4201.9 0.0 951.7 
5.0 4202.3 0.0 929.9 
6.0 4202.7 0.0 914.2 
7.0 4203.4 0.0 876.7 
8.0 4204.1 0.0 841.2 
9.0 4203.0 361989.0 1054.0 
10.0 4202.9 0.0 858.7 
11.0 4202.2 0.0 992.5 
12.0 4201.6 0.0 1135.3 
Normalized annual areal phosphorus loading = 111. 6126 
Residence time = 14.29182 
Water Year is 1994 
Month Elev. Punping Salinity 
1.0 4201.4 0.0 1225.6 
2.0 4201.7 0.0 1216.9 
3.0 4202.2 0.0 1165.8 
4.0 4203.0 0.0 1081.4 
5.0 4203.8 0.0 1004.7 
6.0 4204.4 0.0 968.8 
7.0 4203.9 361989.0 1103.5 
8.0 4204.9 0.0 813.9 
9.0 4204.3 361989.0 943.5 
10.0 4202.6 361989.0 1019.8 
11.0 4201.9 0.0 877.5 
12.0 4201.4 0.0 1004.4 
Normalized annual areal phosphorus loading = 101.3695 
Residence time = 11.01532 
Water Year is 1995 
Month Elev. Pumping Salinity 
1.0 4201.1 0.0 1094.2 
2.0 4201.5 0.0 1086.9 
3.0 4202.0 0.0 1046.8 
4.0 4202.5 0.0 1006.0 
5.0 4203.0 0.0 . 975.4 
6.0 4203.6 0.0 936.6 
7.0 4204.4 0.0 887.7 
8.0 4203.8 361989.0 1032.5 
9.0 4205.2 0.0 734.9 
10.0 4204.2 361989.0 899.1 
11.0 4202.0 361989.0 1052.8 
12.0 4201.5 0.0 847.8 
Normalized annual areal phosphorus loading = 100.9109 
Residence time = 10.0476 
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Water Year is 1996 
Month Elev. Pumping Salinity 
1.0 4201.5 0.0 912.0 
2.0 4202.0 0.0 892.3 
3.0 4202.6 0.0 859.3 
4.0 4203.3 0.0 828.8 
5.0 4203.9 0.0 805.2 
6.0 4204.6 0.0 772.8 
7.0 4204.0 361989.0 898.8 
8.0 4205.3 0.0 653.6 
9.0 4204.8 361989.0 760.0 
10.0 4203.1 361989.0 832.6 
11.0 4202.4 0.0 735.0 
12.0 4201.9 0.0 837.9 
Normalized annual areal phosphorus loading = 98.85776 
Residence time = 10.50425 
Wa:.er Year is 1997 
Month Elev. Pumping Salinity 
1.0 4201.9 0.0 895.9 
2.0 4202.2 0.0 901.3 
3.0 4202.7 0.0 878.2 
4.0 4203.2 0.0 853.9 
5.0 4203.7 0.0 835.1 
6.0 4204.2 0.0 818.4 
7.0 4203.2 361989.0 995.5 
8.0 4203.8 0.0 744.8 
9.0 4203.8 0.0 779.9 
10.0 4203.4 0.0 853.4 
11.0 4202.8 0.0 979.5 
12.0 4202.2 0.0 1108.1 
Normalized annual areal phosphorus loading = 107.5783 
Residence time = 17 .46072 
Water Year is 1998 
Month Elev. Pumping Salinity 
1.0 4202.0 0.0 1181.9 
2.0 4202.3 0.0 1169.1 
3.0 4202.7 0.0 1143.3 
4.0 4203.1 0.0 1117 .6 
5.0 4203.5 0.0 1092.1 
6.0 4203.9 0.0 1068.2 
7.0 4204.7 0.0 1006.4 
8.0 4203.9 361989.0 1172.1 
9.0 4204.1 0.0 943.9 
10.0 4202.0 361989.0 1331.7 
11.0 4201.3 0.0 1116.3 
12.0 4200.7 0.0 1296.3 
Normalized annual areal phosphorus loading = 110.0721 
Residence time = 17.39129 
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Water Year is 1999 
Month Elev. P'I.lIlPing Salinity 
1.0 4200.4 0.0 1419.0 
2.0 4200.6 0.0 1416.7 
3.0 4201.1 0.0 1350.5 
4.0 4201.5 0.0 1300.6 
5.0 4201.8 0.0 1266.8 
6.0 4202.3 0.0 1221.4 
7.0 4202.8 0.0 1172.6 
8.0 4203.1 0.0 1158.3 
9.0 4202.9 0.0 1222.7 
10.0 4202.4 0.0 1347.2 
11.0 4201. 6 0.0 1570.3 
12.0 4201.0 0.0 1803.8 
Normalized annual areal phosphorus loading = 129.9616 
Residence time = 21.33503 
Water Year is 2000 
Month Elev. P'I.lIlPing Salinity 
1.0 4200.7 0.0 1948.1 
2.0 4200.9 0.0 1928.3 
3.0 4201.2 0.0 1852.8 
4.0 4201.6 0.0 1772.6 
5.0 4202.0 0.0 1707.9 
6.0 4203.1 0.0 1491.5 
7.0 4203.8 0.0 1388.9 
8.0 4205.0 0.0 1234.2 
9.0 4204.3 361989.0 1420.4 
10.0 4202.7 361989.0 1497.5 
11.0 4202.0 0.0 1273.3 
12.0 4201.4 0.0 1461.2 
Normalized annual areal phosphorus loading = 107.0007 
Residence time = 11.42856 
Water Year is 2001 
Month Elev. P'I.lIlPing Salinity 
1.0 4201.1 0.0 1587.4 
2.0 4201.3 0.0 1577.8 
3.0 4201. 7 0.0 1511.1 
4.0 4202.1 0.0 1455.9 
5.0 4202.5 0.0 1409.9 
6.0 4203.1 0.0 1323.4 
7.0 4203.5 0.0 1283.3 
8.0 4204.1 0.0 1227.9 
9.0 4203.0 361989.0 1506.2 
10.0 4203.0 0.0 1191.1 
11.0 4202.3 0.0 1367.1 
12.0 4201.6 0.0 1557.6 
Normalized annual areal phosphorus loading = 111.3935 
Residence time = 15.27039 
, . 
233 
Water Year is 2002 
Month Elev. Pumping Salinity 
1.0 4201.5 0.0 1652.2 
2.0 4201. 7 0.0 1638.9 
3.0 4202.2 0.0 1554.6 
4.0 4202.6 0.0 1494.0 
5.0 4203.0 0.0 1439.1 
6.0 4203.4 0.0 1388.4 
7.0 4203.9 0.0 1334.8 
8.0 4204.9 0.0 1218.3 
9.0 4204.6 361989.0 1342.9 
10.0 4204.0 361989.0 1244.7 
11.0 4201.7 361989.0 1454.2 
12.0 4201.2 0.0 1157.4 
Normalized annual areal phosphorus loading = 102.0831 
Residence time = 11.29585 
Water Year is 2003 
Month Elev. Pumping Salinity 
1.0 4200.9 0.0 1266.2 
2.0 4201.1 0.0 1267.1 
3.0 4201.5 0.0 1222.1 
4.0 4202.3 0.0 1133.2 
5.0 4202.9 0.0 1072.5 
6.0 4203.6 0.0 1010.9 
7.0 4204.2 0.0 972.6 
8.0 4203.8 361989.0 1108.8 
9.0 4204.8 0.0 811.9 
10.0 4203.8 361989.0 993.8 
11.0 4203.4 0.0 870.5 
12.0 4203.2 0.0 948.8 
Normalized annual areal phosphorus loading = 99.89062 
Residence time = 9.379739 
Water Year is 2004 
Month Elev. Pumping Salinity 
1.0 4203.5 0.0 961.7 
2.0 4204.1 0.0 924.2 
3.0 4203.5 361989.0 1078.3 
4.0 4204.3 0.0 789.0 
5.0 4203.7 361989.0 923.8 
6.0 4204.4 0.0 692.9 
7.0 4204.0 361989.0 797.1 
8.0 4203.3 361989.0 763.0 ' -
9.0 4203.6 0.0 608.1 
10.0 4203.2 0.0 674.8 
11.0 4202.4 0.0 786.0 ~-
12.0 4201.9 0.0 902.2 
Normalized annual areal phosphorus loading = 98.13319 
Residence time = 11.92935 
c ~ 
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Water Year is 2005 
MJnth Elev. Pumping Salinity 
1.0 4201.6 0.0 981.3 
2.0 4201.8 0.0 994.0 
3.0 4202.1 0.0 980.4 
4.0 4202.6 0.0 960.0 
5.0 4203.0 0.0 940.2 
6.0 4203.4 0.0 924.2 
7.0 4204.0 0.0 896.2 
8.0 4204.6 0.0 868.0 
9.0 4204.0 361989.0 1014.7 
10.0 4204.9 0.0 764.7 
11.0 4203.0 361989.0 1057.8 
12.0 4202.6 0.0 882.5 
Normalized annual areal phosphorus loading = 100.7149 
Residence time = 11.54201 
Water Year is 2006 
MJnth Elev. Pumping Salinity 
1.0 4202.7 0.0 926.4 
2.0 4203.3 0.0 897.8 
3.0 4204.0 0.0 857.3 
4.0 4203.3 361989.0 1019.0 
5.0 4204.0 0.0 748.8 
6.0 4204.5 0.0 736.1 
7.0 4203.9 361989.0 860.9 
8.0 4204.6 0.0 663.2 
9.0 4203.3 361989.0 842.8 
10.0 4203.7 0.0 669.3 
11.0 4203.1 0.0 768.2 
12.0 4202.8 0.0 855.7 
Normalized annual areal phosphorus loading = 97.32749 
Residence time = 11. 76668 
Water Year is 2007 
MJnth Elev. Pumping Salinity 
1.0 4202.6 0.0 919.6 
2.0 4203.0 0.0 907.4 
3.0 4203.8 0.0 863.0 
4.0 4204.6 0.0 821.1 
5.0 4204.2 361989.0 926.1 
6.0 4203.6 361989.0 857.1 
7.0 4205.2 0.0 602.0 
8.0 4205.4 361989.0 652.9 
L 9.0 4204.8 361989.0 643.5 
10.0 4203.2 361989.0 700.1 
11.0 4202.7 0.0 621.8 
12.0 4202.1 0.0 715.0 
Normalized annual areal phosphorus loading = 94.96282 
Residence time = 8.890421 
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Water Year is 2008 
M)nth Elev. Purrping Salinity 
1.0 4201.9 0.0 784.1 
2.0 4202.3 0.0 781. 7 
3.0 4203.Q 0.0 757.1 
4.0 4203.7 0.0 731.7 
5.0 4204.5 0.0 701.3 
6.0 4203.7 361989.0 842.8 
7.0 4204.3 0.0 645.8 
8.0 4203.3 361989.0 798.7 
9.0 4204.0 0.0 610.1 
10.0 4202.8 361989.0 804.9 
11.0 4202.1 0.0 701.4 
12.0 4201.6 0.0 813.7 
Normalized annual areal phosphorus loading : 100.5809 
Residence time = 11.32282 
Water Year is 2009 
Month Elev. Purrping Salinity 
1.0 4201.6 0.0 869.9 
2.0 4202.1 0.0 855.4 
3.0 4202.6 0.0 830.9 
4.0 4203.5 0.0 783.7 
5.0 4204.6 0.0 727.3 
6.0 4204.2 361989.0 831.6 
7.0 4204.0 361989.0 746.4 
8.0 4204.4 361989.0 638.8 
9.0 4204.8 361989.0 562.0 
10.0 4204.9 361989.0 528.8 
11.0 4203.5 361989.0 587.9 
12.0 4203.2 0.0 515.1 
Normalized annual areal phosphorus loading = 95.12591 
Residence time = 6.198289 
Water Year is 2010 
Month Elev. Purrping Salinity 
1.0 4203.7 0.0 541.4 
2.0 4204.6 0.0 531.0 
3.0 4204.2 361989.0 624.3 
4.0 4203.8 361989.0 587.2 
5.0 4205.1 0.0 445.8 
6.0 4204.8 361989.0 522.8 
7.0 4205.1 361989.0 479.1 
8.0 4205.4 361989.0 444.3 
9.0 4205.3 361989.0 436.7 
10.0 4204.4 361989.0 466.2 
11.0 4202.7 361989.0 543.9 
12.0 4202.4 0.0 470.9 
Normalized annual areal phosphorus loading = 92.61584 
Residence time = 6.625925 
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6,000 cfs Pumps, High Lake Scenario 
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Water Year is 1981 
M::>nth Elev. pumping' Salinity 
1.0 4199.1 0.0 200000.0 
2.0 4200.0 0.0 161076.2 
3.0 4201.1 0.0 129234.4 
4.0 4202.1 0.0 107030.3 
5.0 4202.9 0.0 93388.0 
6.0 4203.4 0.0 85622.7 
7.0 4204.0 0.0 78910.5 
8.0 4203.0 361989.0 92241.5 
9.0 4203.4 0.0 64973.6 
10.0 4203.6 0.0 63463.5 
11.0 4202.9 0.0 70383.8 
12.0 4202.4 0.0 77095.1 
Normalized annual areal phosphorus loading = 106.2287 
Residence time = 10.28521 
Water Year is 1982 
M::>nth Elev. Pumping Salinity 
1.0 4202.1 0.0 80513.2 
2.0 4202.4 0.0 76023.7 
3.0 4202.9 0.0 70927.8 
4.0 4203.4 0.0 65370.5 
5.0 4203.9 0.0 60731.6 
6.0 4204.4 0.0 56167.4 
7.0 4204.4 361989.0 56935.2 
8.0 4204.7 361989.0 43420.9 
9.0 4205.2 361989.0 32932.8 
10.0 4204.5 361989.0 29773.4 
11.0 4202.6 361989.0 31613.2 
12.0 4202.4 0.0 24197.5 
Normalized annual areal phosphorus loading = 95.53668 
Residence time = 7.591801 
Water Year is 1983 
M::>nth Elev. Pumping Salinity 
1.0 4202.9 0.0 22368.0 
2.0 4204.1 0.0 18736.7 
3.0 4203.9 361989.0 19363.1 
4.0 4205.2 0.0 12684.4 
5.0 4205.1 361989.0 12994.6 
6.0 4204.8 361989.0 11064.7 
7.0 4205.1 361989.0 8674.6 
8.0 4205.4 361989.0 6881.5 
9.0 4206.5 361989.0 5008.0 
10.0 4207.6 361989.0 3723.2 c _ 
11.0 4207.0 361989.0 3558.4 
12.0 4206.1 361989.0 3452.5 
Normalized annual areal phosphorus loading = 91.22961 
'- Residence time = 4.940457 
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Water Year is 1984 
M:mth Elev. Purrping Salinity 
1.0 4205.5 361989.0 3177.8 
2.0 4205.6 361989.0 2672.8 
3.0 4205.8 361989.0 2231.4 
4.0 4206.3 361989.0 1801.3 
5.0 4206.6 361989.0 1525.8 
6.0 4206.5 361989.0 1362.2 
7.0 4206.8 361989.0 1157.0 
8.0 4207.7 361989.0 952.3 
9.0 4209.2 361989.0 745.8 
10.0 4210.1 361989.0 660.0 
11.0 4209.1 361989.0 695.9 
12.0 4208.2 361989.0 732.5 
Normalized annual areal phosphorus loading = 85.35957 
Residence time = 5.360234 
Water Year is 1985 
M;:)nth Elev. Pumping Salinity 
1.0 4207.6 361989.0 733.6 
2.0 4207.7 361989.0 680.9 
3.0 4207.7 361989.0 633.9 
4.0 4207.8 361989.0 595.7 
5;0 4207.8 361989.0 562.9 
6.0 4207.6 361989.0 541.3 
7.0 4207.7 361989.0 511.2 
8.0 4208.7 361989.0 452.7 
9.0 4208.7 361989.0 447.2 
10.0 4207.5 361989.0 488.7 
11.0 4205.9 361989.0 552.1 
·12.0 4204.3 361989.0 611.9 
Normalized annual areal phosphorus loading = 81.36311 
Residence time = 8.154642 
Water Year is 1986 
Month Elev. Pumping Salinity 
1.0 4203.2 361989.0 639.9 
2.0 4204.0 0.0 488.7 
3.0 4204.9 0.0 481.9 
4.0 4204.6 361989.0 560.1 
5.0 4204.3 361989.0 533.6 
6.0 4205.2 361989.0 458.2 
7.0 4206.5 361989.0 393.9 
8.0 4207.7 361989.0 352.0 
9.0 4208.9 361989.0 325.1 
10.0 4209.1 361989.0 334.1 
11.0 4208.5 361989.0 366.0 
12.0 4207.6 361989.0 402.2 
Normalized annual areal phosphorus loading = 88.39572 
Residence time = 5.039061 
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Water Year is 1987 
Month Elev. Purrping Salinity 
1.0 4207.1 361989.0 420.5 
2.0 4207.1 361989.0 410.7 
3.0 4207.2 361989.0 400.3 
4.0 4207.2 361989.0 392.5 
5.0 4207.2 361989.0 386.0 
6.0 4207.1 361989.0 384.6 
7.0 4207.2 361989.0 376.5 
8.0 4208.2 361989.0 346.8 
9.0 4208.2 361989.0 353.8 
10.0 4206.9 361989.0 395.7 
11.0 4205.3 361989.0 455.0 
12.0 4203.6 361989.0 518.0 
Normalized annual areal phosphorus loading = 83.60207 
Residence time = 7.575576 
Water Year is 1988 
Month Elev; Purrping Salinity 
1.0 4204.0 0.0 435.6 
2.0 4204.4 0.0 452.7 
3.0 4203.5 361989.0 568.4 
4.0 4204.3 0.0 440.6 
5.0 4203.9 361989.0 528.7 
6.0 4205.0 0.0 415.0 
7.0 4204.8 361989.0 487.1 
8.0 4205.1 361989.0 448.9 
9.0 4205.5 361989.0 423.3 
10.0 4205.6 361989.0 420.9 
11.0 4204.1 361989.0 480.1 
12.0 4202.3 361989.0 556.6 
Normalized annual areal phosphorus loading = 92.01134 
Residence time = 6.800412 
Water Year is 1989 
Month Elev. Purrping Salinity 
1.0 4202.8 0.0 439.4 
2.0 4203.8 0.0 441.8 
3.0 4204.8 0.0 438.5 
4.0 4204.5 361989.0 520.1 
5.0 4204.3 361989.0 494.0 
6.0 4204.0 361989.0 477.0 
>: ' 7.0 4205.6 0.0 364.1 
8.0 4205.9 361989.0 414.9 
9.0 4205.9 361989.0 412.4 
10.0 4205.0 361989.0 441.3 
11.0 4203.2 361989.0 517.1 
12.0 4202.9 0.0 458.7 
Normalized annual areal phosphorus loading = 92.13384 
Residence time = 6.722537 
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Water Year is 1990 
M::>nth Elev. Pumping Salinity 
1.0 4203.2 0.0 493.8 
2.0 4204.9 0.0 463.5 
3.0 4204.9 361989.0 525.6 
4.0 4205.0 361989.0 491.5 
5.0 4205.0 361989.0 464.2 
6.0 4204.8 361989.0 449.4 
7. o. 4204.9 361989.0 425.0 
8.0 4206.2 361989.0 370.7 
9.0 4206.3 361989.0 372.0 
10.0 4204.9 361989.0 418.4 
11.0 4203.1 361989.0 489.3 
12.0 4203.0 0.0 430.9 
Normalized. annual areal phosphorus loading = 91.27901 
Residence time = 5.937925 
Water Year is 1991 
M::>nth Elev. Pumping Salinity 
1.0 4203.4 0.0 466.3 
2.0 4203.7 0.0 486.7 
3.0 4204.1 0.0 497.8 
4.0 4203.1 361989.0 627.9 
5.0 4203.6 0.0 484.4 
6.0 4204.1 0.0 490.9 
7.0 4204.1 36l989.0 568.6 
8.0 4204.4 361989.0 507.0 
9.0 4204.9 361989.0 460.4 
10.0 4204.2 361989.0 478.8 
11.0 4202.3 361989.0 564.7 
12.0 4202.1 0.0 480.7 
Normalized. annual areal phosphorus loading = 94.74661 
Residence time = 7.765344 
Water Year is 1992 
M::>nth Elev. Pumping Salinity 
1.0 4202.6 0.0 511.8 
2.0 4203.8 0.0 494.7 
3.0 4205.1 0.0 475.9 
4.0 4205.0 361989.0 544.6 
5.0 4204.8 361989.0 514.7 
6.0 4204.5 361989.0 494.9 
7.0 4204.8 361989.0 454.1 
8.0 4205.2 361989.0 424.9 
9.0 4206.3 361989.0 380.3 
10.0 4207.5 361989.0 349.3 
11.0 4206.8 361989.0 382.8 
12.0 4205.9 361989.0 418.5 
Normalized. annual areal phosphorus loading = 91.3927 
Residence time = 4.914925 
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Water Year is 1993 
Month Elev. Pumping Salinity 
1.0 4205.4 361989.0 434.1 
2.0 4204.5 361989.0 449.3 
3.0 4203.6 361989.0 457.7 
4.0 4204.3 0.0 370.1 
5.0 4203.7 361989.0 463.1 
6.0 4204.7 0.0 369.7 
7.0 4204.3 361989.0 449.8 
8.0 4204.6 361989.0 421.1 
9.0 4205.3 361989.0 388.4 
10.0 4205.0 361989.0 404.3 
11.0 4203.4 361989.0 466.9 
12.0 4203.3 0.0 418.1 
Normalized annual areal phosphorus loading = 91.84144 
Residence time = 7.274545 
Water Year is 1994 
Month Elev. Pumping Salinity 
1.0 4203.4 0.0 458.1 
2.0 4204.2 0.0 465.5 
3.0 4203.6 361989.0 567.3 
4.0 4204.7 0.0 436.0 
5.0 4204.2 361989.0 523.6 
6.0 4204.0 361989.0 499.3 
7.0 4205.2 0.0 390.1 
8.0 4205.5 361989.0 444.7 
9.0 4205.8 361989.0 422.6 
10.0 4204.6 361989.0 462.5 
11.0 4202.7 361989.0 545.8 
12.0 4202.6 0.0 466.9 
Normalized annual areal phosphorus loading = 92.66069 
Residence time = 7.246081 
Water Year is 1995 
Month Elev. Pumping Salinity 
1.0 4202.7 0.0 512.1 
2.0 4204.3 0.0 475.1 
3.0 4204.4 361989.0 541.6 
4.0 4204.4 361989.0 501.8 
5.0 4204.4 361989.0 470.4 
6.0 4204.2 361989.0 453.4 
7.0 4204.4 361989.0 426.3 
8.0 4205.8 361989.0 368.2 
9.0 4205.8 361989.0 368.8 
10.0 4204.4 361989.0 415.2 
11.0 4202.6 361989.0 491.7 
12.0 4202.6 0.0 425.5 
Normalized annual areal phosphorus loading = 93.58249 
Residence time = 5.532802 
, . 
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Water Year is 1996 
M::>nth Elev. Pumping' Salinity 
1.0 4202.9 0.0 462.2 
2.0 4203.5 0.0 475.7 
3.0 4204.2 0.0 481.1 
4.0 4203.4 361989.0 597.3 
5.0 4204.2 0.0 457.2 
6.0 4203.7 361989.0 555.5 
7.0 4204.8 0.0 427.7 
8.0 4205.1 361989.0 484.0 
9.0 4205.8 361989.0 438.8 
10.0 4205.4 361989.0 447.2 
11.0 4203.9 361989.0 511. 7 
12.0 4203.7 0.0 457.2 
No:rmalized annual areal phosphorus loading = 92.52774 
Residence time = 7.127372 
Water Year is 1997 
M::>nth Elev. Pumping Salinity 
1.0 4203.9 0.0 493.7 
2.0 4204.8 0.0 489.4 
3.0 4204.4 361989.0 577.7 
4.0 4204.0 361989.0 549.2 
5.0 4203.8 361989.0 516.0 
6.0 4205.0 0.0 402.1 
7.0 4205.2 361989.0 457.4 
8.0 4205.6 361989.0 427.9 
9.0 4205.5 361989.0 423.2 
10.0 4204.6 361989.0 453.0 
11.0 4202.9 361989.0 527.6 
12.0 4202.6 0.0 . 460.7 
No:rmalized annual areal phosphorus loading = 92.16029 
Residence time = 6.717188 
Water Year is 1998 
M:>nth Elev. Pumping Salinity 
1.0 4202.9 0.0 497.6 
2.0 4203.6 0.0 504.5 
3.0 4204.4 0.0 502.9 
4.0 4203.8 361989.0 606.9 
5.0 4204.8 0.0 466.5 
6.0 4204.3 361989.0 556.0 , -
7.0 4204.1 361989.0 523.6 
8.0 4205.3 361989.0 437.5 
9.0 4206.7 361989.0 380.4 
10.0 4205.9 361989.0 407.9 
11.0 4204.2 361989.0 473.4 , ' 
12.0 4202.4 361989.0 549.8 
No:rmalized annual areal phosphorus loading = 92.29464 
Residence time = 6.421562 
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Water Year is 1999 
Month Elev. Punping Salinity 
1.0 4202.4 0.0 448.2 
2.0 4203.6 0.0 441.8 
3.0 4204.9 0.0 431.2 
4.0 4204.8 361989.0 500.8 
5.0 4204.7 361989. a 476.3 
6.0 4204.4 361989.0 462.3 
7.0 4204.7 361989.0 428.4 
8.0 4205.0 361989.0 404.5 
9.0 4206.2 361989.0 365.3 
10.0 4207.4 361989.0 338.2 
11.0 4206.7 361989.0 372.8 
12.0 4205.8 361989.0 409.4 
Normalized annual areal phosphorus loading = 91.83306 
Residence time = 4.840126 
. Water Year is 2000 
Month Elev. Pumping Salinity 
1.0 4205.2 361989.0 426.2 
2.0 4204.4 361989.0 440.0 
3.0 4203.7 361989.0 445.6 
4.0 4204.6 0.0 359.2 
5.0 4204.1 361989.0 442.9 
6.0 4203.7 361989.0 440.2 
7.0 4204.9 0.0 347.4 
8.0 4206.0 361989.0 378.0 
9.0 4207.3 361989.0 343.4 
10.0 4206.6 361989.0 373.0 
11.0 4204.8 361989.0 434.9 
12.0 4203.1 361989.0 501.1 
Normalized annual areal phosphorus loading = 89.97409 
Residence time 6.891825 
Water Year is 2001 
Month Elev. Punping Salinity 
1.0 4203.1 0.0 424.3 
2.0 4203.9 0.0 436.5 
3.0 4204.7 0.0 438.3 
4.0 4204.2 361989.0 530.6 
5.0 4203.7 361989.0 514.2 
6.0 4204.7 0.0 403.5 
7.0 4204.6 361989.0 474.8 
8.0 4204.4 361989.0 459.2 
9.0 4204.2 361989.0 449.9 
10.0 4202.8 361989.0 504.1 
11.0 4202.4 0.0 450.6 
12.0 4201.8 0.0 531.8 
Normalized annual areal phosphorus loading = 94.62527 
Residence time 8.052069 
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Water Year is 2002 
M:)nth Elev. Pumping Salinity 
1.0 4202.1 0.0 571.5 
2.0 4202.7 0.0 579.6 
3.0 4203.5 0.0 567.3 .. -
. -
4.0 4204.4 0.0 552.6 
5.0 4203.9 361989.0 652.5 
6.0 4204.7 0.0 506.7 
7.0 4204.2 361989.0 604.1 
8.0 4203.6 361989.0 583.2 
9.0 4204.4 0.0 464.5 
10.0 4203.6 361989.0 596.5 
11.0 4202.9 0.0 540.4 
12.0 4202.4 0.0 621.8 
Normalized annual areal phosphorus loading = 96.29994 
Residence time = 9.508966 
Water Year is 2003 
M:)nth Elev. Pumping Salinity 
1.0 4202.2 0.0 684.1 
2.0 4202.4 0.0 700.4 
3.0 4202.9 0.0 694.9 
4.0 4203.4 0.0 687.1 
5.0 4204.0 0.0 678.6 
6.0 4204.5 0.0 671.0 
7.0 4203.7 361989.0 802.4 
8.0 4204.4 0.0 621.0 
9.0 4202.8 361989.0 823.1 
10.0 4202.5 0.0 683.9 
11.0 4201.8 0.0 805.5 
12.0 4201.2 0.0 931.8 
Normalized annual areal phosphorus loading = 107.6147 
Residence time = 16.49469 
Water Year is 2004 
M:)nth Elev. Pumping Salinity 
1.0 4201.0 0.0 1019.8 
2.0 4201.2 0.0 1023.1 
3.0 4201.7 0.0 997.1 
4.0 4202.1 0.0 973.8 
5.0 4202.5 0.0 951.1 
6.0 4202.9 0.0 934.5 
7.0 4203.6 0.0 896.0 
8.0 4204.3 0.0 859.5 ' -
9.0 4203.2 361989.0 1069.3 
10.0 4203.1 0.0 876.5 
11.0 4202.4 0.0 1014.6 
12.0 4201.8 0.0 1155.5 
Normalized annual areal phosphorus loading = 110.2632 
Residence time = 14.73757 
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Water Year is 2005 
Month Elev. Pumping Salinity 
1.0 4201. 6 0.0 1244.0 
2.0 4201.8 0.0 1234.6 
3.0 4202.3 0.0 1183.3 
4.0 4203.1 0.0 1098.9 
5.0 4204.0 0.0 1021.6 
6.0 4204.6 0.0 985.1 
7.0 4204.1 361989.0 1118.2 
8.0 4203.5 361989.0 1018.5 
9.0 4204.4 0.0 753.2 
10.0 4202.8 361989.0 1015.2 
11.0 4202.1 0.0 877.9 
12.0 4201.5 0.0 1010.4 
Normalized annual areal phosphorus loading = 101.1799 
Residence time = 11.06908 
Water Year is 2006 
Month Elev. Pumping Salinity 
1.0 4201.3 0.0 1098.4 
2.0 4201.6 0.0 1091.0 
3.0 4202.1 0.0 1051.4 
4.0 4202.6 0.0 1010.9 
5.0 4203.1 0.0 980.5 
6.0 4203.8 0.0 941.9 
7.0 4204.5 0.0 893.1 
8.0 4203.9 361989.0 1036.1 
9.0 4205.3 0.0 741.1 
10.0 4204.3 361989.0 903.8 
11.0 4202.1 361989.0 1054.8 
12.0 4201.6 0.0 862.2 
Normalized annual areal phosphorus loading = 100.3732 
Residence time = 10.1897 
Water Year is 2007 
Month Elev. Pumping Salinity 
1.0 4201.5 0.0 925.7 
2.0 4202.1 0.0 905.0 
3.0 4202.7 0.0 871.1 
4.0 4203.3 0.0 839.8 
5.0 4203.9 0.0 815.4 
6.0 4204.7 0.0 782.3 
7.0 4204.1 361989.0 908.0 
8.0 4203.9 361989.0 804.1 
L 9.0 4204.9 0.0 612.7 
10.0 4203.2 361989.0 825.6 
11.0 4202.5 0.0 730.9 
12.0 4202.0 0.0 831.4 
Normalized annual areal phosphorus loading = 98.93685 
Residence time = 10.48229 
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Water Year is 2008 
Month Elev. Pumping Salinity 
1.0 4202.0 0.0 893.1 
2.0 4202.2 0.0 898.6 
3.0 4202.7 0.0 876.0 
4.0 4203 .. 3 0.0 852.2 - -.. 
5.0 4203.8 0.0 833.7 
6.0 4204.3 0.0 817.3 
7.0 4203.3 361989.0 992.1 
8.0 4203.9 0.0 745.1 
9.0 4203.9 0.0 779.9 
10.0 4203.5 0.0 852.5 
11.0 4202.8 0.0 977.0 
12.0 4202.3 0.0 1103.5 
Normalized annual areal phosphorus loading = 107.0842 
Residence time = 17.66099 
Water Year is 2009 
Month Elev. Pumping Salinity 
1.0 4202.1 0.0 1176.1 
2.0 4202.4 0.0 1163.8 
3.0 4202.8 0.0 1138.7 
4.0 4203.2 0.0 1113.5 
5.0 4203.6 0.0 1088.6 
6.0 4204.0 0.0 1065.1 
7.0 4204.7 0.0 1004.3 
8.0 4204.0 361989.0 1168.0 
9.0 4202.6 361989.0 1194.7 
10.0 4202.2 0.0 975.6 
11.0 4201.4 0.0 1148.4 
12.0 4200.8 0.0 1327.6 
Normalized annual areal phosphorus loading = 110.3984 
Residence time = 17 .26841 
Water Year is 2010 
Month Elev. Pumping Salinity 
1.0 4200.5 0.0 1448.8 
2.0 4200.7 0.0 1445.4 
3.0 4201.2 0.0 1378.2 
4.0 4201.6 0.0 1327.3 
5.0 4202.0 0.0 1292.6 
6.0 4202.4 0.0 1246.2 
7.0 4202.9 0.0 1196.3 
8.0 4203.2 0.0 1181.0 
9.0 4203.0 0.0 1245.2 
10.0 4202.5 0.0 1369.1 
11.0 4201.7 0.0 1590.4 
12.0 4201.1 0.0 1820.6 l ~ 
Normalized annual areal phqsp~orus loading = 128.77 
Residence time = 21.8181 
L~ 
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MICROCOSM 
0.1%-1 0 100 101 1.45 <5 1.57 7.8 210 16.8 48.3 39.1 420 77.3 153 1.02 
10 <5 54 0.68 <5 1.16 8.9 
20 <5 53 <0.04 <5 0.96 10.4 
30 <5 32 <0.04 9 0.42 10.0 192 24.8 14.6 43.6 424 60 45 0.76 
40 <5 31 0.00 7 0.49 10.5 
50 <5 36 <0.04 6 0.57 0.061 10.5 203 29.5 12.9 42.2 397 56.9 47 0.7 
60 <5 20 <0.04 14 0.15 0.013 10.1 
0.1%-2 0 100 99 1.43 <5 1.57 7.7 213 16.3 49.7 41.0 424 73.7 148 0.97 
N 10 <5 53 0.60 <5 1.35 8.9 \Jl 
..- 20 <5 78 <0.04 5 1.10 0.011 10.3 
30 <5 20 <0.04 7 0.38 9.8 202 24.6 13.2 41.7 427 -59.4 42 0.9 
40 <5 38 0.00 <5 0.90 10.6 
50 <5 68 0.09 6 1.39 0.063 10.7 196 29 13.7 39.5 405 56.9 45 0.71 
60 <5 46 0.13 <5 0.79 0.013 9.0 
* Alkalinity as mg CaC03/l 
MICROCOSM 
0.5%·1 0 100 102 1.45 <5 1.56 7.9 1450 58.0 56.9 147 2.77 312 135 4.85 
10 <5 59 0.35 <5 1.27 9.3 
20 <5 27 <0.04 11 0.65 0.011 9.7 
30 <5 43 0.24 6 1.48 9.7 1385 60.9 29.7 139 2.8 294 59 4.54 
40 <5 68 0.75 6 2.27 10.1 
50 <5 73 0.90 <5 2.27 0.110 10.4 1364 63.9 29.8 139 2.62 278 52 4.49 
60 <5 66 0.64 7 2.11 0.124 10.4 
0.5%·2 0 97 99 1.43- <5 1.70 7.8 1460 56.2 54.1 140 2730 315 130 5.02 
N 10 <5 64 0.40 9 1.20 9.3 
VI 20 <5 28 <0.04 <5 0.46 0.010 9.6 N 
30 <5 38 0.21 6 1.16 9.5 1391 61.1 31.2 141 2790 282 61 4.85 
40 <5 55 0.48 7 2.23 10.4 
50 <5 61 0.48 <5 1.91 0.092 10.4 1416 64.5 34.3 147 2710 272 41 4.34 
60 <5 61 0.55 <5 1.83 0.137 10.4 
• Alkalinity as mg CaC03/l 
, 
MICROCOSM 
0.2%+Sedlment 0 100 101 1.44 <5 1.61 7.8 511 14.3 53.3 70.0 949 126 139 1.97 
10 <5 26 0.27 33 0.69 8.9 
20 <5 34 0.10 7 0.42 0.005 9.4 
30 <5 49 <0.04 20 0.66 9.2 830 51.5 26.4 89.9 1620 172 77 2.88 
40 <5 25 0.06 13 0.58 9.4 
50 <5 49 <0.04 <5 0.75 0.059 9.6 713 45.9 24.7 82.6 1340 147 74 2.38 
60 <5 62 <0.04 <5 0.55 0.078 10.6 
0.2%+Sedlment 0 98 100 1.41 <5 1.58 7.7 524 111 46.6 64.2 962 125 265 1.96 
10 <5 31 0.06 <5 2.22 9.1 
IV 20 <5 54 <0.04 7 0.86 0.020 9.0 V1 
w 30 <5 71 <0.04 8 0.86 8.9 761 52.2 25.5 87.0 1560 170 78 2.55 
40 <5 71 <0.04 7 0.98 9.0 
50 7 109 0.40 30 1.87 0.036 8.9 724 46.439.6 81.5 1330 148 113 2.51 
60 <5 64 0.17 8 1.37 0.138 10.8 
• Alkalinity as mg CaC03/L 
MICROCOSM 
0.2%-1 0 96 101 ·1.48 <5 1.65 -- 7.8 512 90.0 54.6 71.0 945 131 239 1.91 
10 <5 53 0.41 <5 1.11 9.2 
20 <5 49 <0.04 5 1.03 0.020 9.2 
30 <5 76 <0.04 16 0.82 9.2 528 23.3 24.1 69.4 992 118 63 1.75 
40 9 61 <0.04 <5 0.66 9.6 
50 <5 49 <0.04 11 0.53 <0.001 9.6 524 28.1 19.9 68.1 957 117 62 1.88 
60 <5 57 <0.04 9 0.38 0.023 9.6 
0.2%-2 0 99 99 1.45 <5 1.57 7.8 530 14.0 63.4 48.3 924 56.9 133 1.84 
10 <5 58 0.06 <5 0.90 9.2 
N 20 <5 58 <0.04 10 1.02 0.037 9.2 VI 
.p.. 30 <5 63 <0.04 5 1.05 9.0 503 026 28.7 71.7 1 gIl 118 78 1.93 ( 
40 <5 42 0.00 6 0.48 9.4 
50 <5 49 <0.04 <5 0.49 <0.001 9.6 499 026 18.8 70.5 946 117 51 1.61 
60 <5 38 <0.04 <5 0.24 <0.0069.6 
.. Alkalinity as mg CaC03/l 
MICROCOSM 
5.1%-1 a 107 107 1.46 6 1.50 7.6 14500 971 108 1234 28.4 2.77 376 50 
10 <5 56 0.25 <5 0.21 8.7 
20 <5 42 0.15 8 0.73 0.048 8.9 
30 <5 45 0.06 9 0.65 9.0 13356 956 115 1196 28.7 2.92 305 50.6 
40 <5 19 <0.01 10 0.33 9.0 
50 <5 16 <0.02 8 0.29 <0.001 9.1 13246 928 96.1 1224 29.8 2.76 275 46 
60 <5 39 <0.04 7 0.29 0.034 9.1 
5.1 %-2 a 117 118 1.47 8 1.58 7.7 14400 955 109 1267 33.3 3.06 387 50.4 
N 10 <5 69 0.27 8 1.03 8.6 
VI 
VI 20 <5 30 0.08 11 0.58 0.035 9.0 
30 <5 64 0.01 12 0.94 9.0 14476 941 104 1202 29.8 2.86 307 51.9 
40 <5 60 0.01 <5 0.86 9.1 
50 <5 44 0.01 6 0.66 0.033 9.1 13998 951 105 1319 28.6 2.76 281 47 
60 <5 21 <0.04 7 0.15 0.009 9.2 
... Alkalinity as mg CaC03/L 
MICROCOSM 
DECREASING SALINITY-1 0 113 113 1.50 12 1.56 7.7 13900 865 100 1138 29600 2770 270 50.2 
10 <5 80 0.43 <5 1.68 9.0 27 20.5 
20 <5 32 0.17 11 0.57 0.003 9.8 14 8.18 
30 <5 13 0.07 15 0.28 10.2 6 966.0 73.2 26 81.3 2030 195 65 3.36 
40 <5 12 <0.04 6 0.42 10.5 3 1.93 
50 <5 14 0.05 6 0.28 <0.001 10.5 2 268.0 12.9 13 17.1 415 50.6 53 0.74 
60 <5 37 0.05 <5 0.30 0.026 10.8 2 0.71 
DECREASING SALINITY-2 0 107 108 1.47 8 1.56 7.8 13000 904 100 1166 29800 2700 396 51 
N 10 <5 74 0.40 <5 1.32 9.0 28 20.9 
VI 
0'\ 20 12 24 0.13 11 0.95 0.001 9.8 14 8.16 
30 <5 ·19 0.04 6 0.24 10.3 6 903.0 91.2 25 89.3 1980 190 65 3.38 
40 <5 15 <0.04 7 0.26 10.5 3 1.45 
50 6 26 <0.04 14 0.33 <0.001 10.6 2 264.0 18.8 13 11.0 446 51.9 50 0.81 
60 <5 50 <0.04 5 0.26 0.033 10.6 1 0.31 
• Alkalinity as mg CaC03/L 
Appendix I: Microcosm Algae Counts 
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N 
VI 
\0 
r 
Microcosm 
Changing Salin. 
0.10% 
0.20% 
O.20%wsed. 
0.50% 
5.10% 
Day 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
60 
Anabaena sp. Anabaena spiro cr. Ankistrod. f 
5.56E+03 
S.S6E+03 
6.67E+07 
S.S6E+03 9.0SE+06 
6.17E+06 
2.06E+07 
3.87E+07 
2.40E+08 
2.18E+07 
S.56E+03 4.11E+OS 
S.56E+03 
1.06E+OS 
6.12E+04 
1.39E+OS 
7.90E+OS 1.11E+04 
1.44E+06 
6.39E+OS 
S.56E+03 1.67E+04 
5.56E+04 4.11E+06 
S.56E+OS 
1.44E+07 
2.14E+07 
1.09E+OS 
2.78E+04 
2.78E+04 
MICROCOSM ALGAE (#/l) 
Ankistrod. s. Beggialoa sp. centric diatoms Chaetoceros Chlamydo. Chrysamoeba sQ. 
2.28E+05 4.11E+07 
, 
1.23E+06 1.67E+04 
2.22E+06 
4.11E+OS 
2.06E+06 1.83E+OS 
5.56E+03 
4.11E+OS , 
1.67E+04 1.00E+OS 
: 
, 
1.78E+OS 1.67E+OS 
1.6SE+06 
S.56E+04 7.78E+04 5.S6E+04 
8.28E+05 
1.85E+06 
1.73E+06 
2.22E+04 6.28E+05 
3.S9E+05 
1.67E+04 S.23E+05 
1.67E+04 
1.67E+04 
1.67E+04 3.89E+05 
'---_ .._.- ...... _-
N 
a-
o 
Microcosm 
Chanaina Salin. 
0.10% 
0.20% 
0.20"'" w sed. 
O.SO% 
S.lo% 
r' 
l 
Day 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
SO 
60 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
50 
SO 
11 
20 
31 
40 
50 
60 
11 
20 
31 
40 
SO 
SO 
Coelastrum sp. Eoolena2 Glendo. 1 Glendo. 2 
S.S6E+03 
1.23E+06 
1.11E+04 
S.56E+03 
1.11E+04 3.89E+04 
S.OOE+04 
MICROCOSM ALGAE (#lL) 
Nitzschia Nodularia Oedogonium sp. OOCystis sP. Oscillatoria aa Oscillatoria sp. pennate diatoms 
2.96E+07 3.70E+06 
S.S6E+03 3.34E+04 
2.78E+04 1.67E+04 
1.67E+04 2.61E+OS 
1.67E+04 1.S7E+06 
2.26E+06 1.73E+07 2.8BE+06 
2.03E+08 3.S6E+OS 4.80E+06 2.06E+06 
6.23E+OS 1.17E+05 6.99E+06 2.22E+04 
6.58E+06 3.4SE+OS 2.22E+07 S.S6E+04 
1.48E+07 
3.89E+04 8.34E+04 
6.99E+06 1.9SE+OS 2.30E+07 
6.17E+06 3.34E+04 
S.56E+03 1.11E+04 
S.56E+04 1.67E+04 S.SSE+03 
S.S6E+03 l.l1E+04 
S.SSE+03 
l.l1E+04 
1.11E+04 9.87E+07 1.11E+04 
4.17E+05 3.S9E+04 S.72E+07 1.23E+06 
5.56E+03 1.11E+04 2.78E+OS 
2.7SE+04 2.88E+06 3.34E+04 
1.1SE+06 2.06E+06 4.11E+OS 
2.78E+04 2.SSE+06 6.17E+06 
4.11E+OS 
l.l1E+04 2.22E+04 2.78E+04 3.29E+06 
5.00E+04 1.9SE+OS 2.06E+06 
8.90E+04 
1.39E+OS 7.06E+OS 
S.OOE+04 1.00E+05 2.S7E+OS 2.22E+OS 
S.S6E+03 S.S6E+03 
N 
0\ 
...... 
(--" 
Microcosm 
Changing Salin. 
0.10% 
0.20% 
0.2O%wsed. 
0.500/0 
5.100/0 
-- --
r 
Day Phaedactvlum t. Scenedesmus i. 
11 1.23E+07 
20 
31 1.67E+04 
40 
50 
60 
11 5.56E+04 
20 1.11E+05 
31 2.47E+06 
40 4.17E+OS 
50 
60 
11 1.03E+06 4.45E+OS 
20 4.4SE+oS 
31 
40 
50 
60 
11 
20 
31 
40 
SO 
60 
11 9.62E+05 9.29E+05 
20 
31 
40 
50 
60 
11 4.53E+06 
20 
31 
40 
50 
@ 
MICROCOSM ALGAE (#lL) 
Scenedesmus d Scenedesmus q. Spirulina Thalassiosira small unic. cvano. unic-9'ano. 
4.00E+08 
S.34E+04 
5.56E+03 
4.94E+07 1.67E+06 
1.11E+04 5.56E+04 1.11E+04 2.74E+08 1.23E+06 
S.S6E+03 2.06E+06 S.S6E+oS 
2.22E+04 4.17E+06 
2.7SE+04 S.56E+03 2.06E+06 
1.70E+OS 
2.7SE+08 2.06E+06 
5.S6E+03 1.11E+04 3.91E+OS 5.56E+04 
1.11E+04 
3.89E+OS 
2.7SE+04 
1.40E+06 2.47E+06 
2.47E+06 
4.23E+OS 
5.56E+04 
4.61E+OS 6.23E+05 
3.56E+06 
1.11E+04 1.11E+04 1.66E+08 4.11E+OS 
8.90E+04 1.11E+OS 4.45E+OS 
S.56E+03 
1.11E+04 2.06E+06 
4.94E+06 9.05 E +06 
5.33E+OS 
3.79E+07 1.67E+04 
5.35E+08 
1.11 E+04 4.07E+08 5.3SE+06 
3.29E+06 6.17E+05 
1.11E+04 1.29E+06 
- -- -
~-
6.99E+<i6 
